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The Atlantic widens, the Pacific narrows, 
the Alps grow higher. Los Angeles 
slides northward, and Africa splits apart. 
A report on dramatic new discoveries about... 


THIS CHANGING EARTH 


LACK. BARRES, a forbidding as an 
ah heap from bell, the tiny island in the 
open océtan oozed smoke from ils cracks 
ind crevices 

eliding inl the i mil ot ara | wine We sideslippeedt, 

& clUcdes : 

and lurched toa step 

Moy voung Icelandic pilot, Ingimar Davide 


topped towarc heach, boutucedd, 


son, turned with a erm. “You're now on the 


very newest land on earth.” he said 

He was not totally accurate 
enough. Other volconecs have erupted since 
the island Icelanders. named Surtsey began 
spewing from the Nerth Atlantic in Novyem- 
ne’ had put an entirels 


ber 1643. Bunt the 


new name on the world map, al a spot where 


nothing but ocean had existed before. 
We had tancded on a freshly upthrist peak 


Char heht plane circled, 


a be ay =a oe 
though i lisse 





By SAMUEL W. MATTHEWS 


of the Ta Rad iite 
Here earth's solid skin had cracked apart, 
and aranve-hot magma had flowed up from 


DO0-mile-tonge WWlig-Athanwi 


the deep interior (next pagel. Here even now, 
the floor of the Atlantic was moving, spread- 
ing oulward, carrving Europe ancl North 
Amcrica farther apart by nearly on-inch ‘a 
Here 
werld wae changing 

[celond itself, the bie island just north of 
Ws Was split weunder and growing measuralbls 
wider. | had seen the rifi 
floor ina Land-Rover, stood al « reat 


Wear before my eves. the face of the 


Crivien across its 
rusk 
12-3) where Iceland's Aithing, its legis- 
meciing im ALD, 93 


lative ssa¢embls, bean 
mire than a 


Vel thot i ons rar Ve Wonk iT the pln cil 


thousmind vears wen 


(Continued ov page ¥) 





MOLEX?) CHILD OF CHANGE. the islanel 


if SRP {ewes hace ‘ne eater of 


leeland. In 1963 it burst from the Atlante, 
rene te or tla ea a richotex rrces ree 


aliertneg the fece af the earth. 
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How the continents 


200 MILLION YEARS AGO, - 

A single supercontinent — which 
qaologiats now call Pangmea, ; - 

all lands” — iy washed by a - . 

universal ocean, Panthalasea 


(35 MILLION YEARS AGO) The 
sorthern landmass. Laurasia. hae 
aplit from the southern, known as 
Gondwana or Gondwanaland. This 
has aleo divided, with India — 


65 MILLION YEARS AGO. The North 
Atlantic and Indian Oceans hava taker shape 
(far right), and the South Atlantic widens. 
Australia te etill attached to Antarctica, 


Eurasia. India has caresned into 
Eurasia, thrusting up the Himalayas. 


50 MILLION YEARS FROM NOW, 
Australia plows north. The Atlantic 
witen, the Mediterranean shrinks. 


gcolowic time T was seeking to cross. | 
have dnifteda "e wos making © journey across inconceiy- 
Ow Lan part able distances of time and earth-change. 


p | was going back two hundred million 
LOWLY AND PONDEROUSLY, the continents 





years and more; back to an age when 

A ethic pl oe : ag Lgitie! rachanaed there was only one great continent— 

man, North America and Europe will move Pangaea, meaning “all lands” —and eniv 
farther apart by about his own height one ocean, Panthalassa, “all seas.” 

Some 200 million years age, only yesterday My guides were to be dozens, even 

| ‘in earth's time span of 4), billion years, the land scores, of scientists who study the earth. 

areas formed a single supercontinent. Then it Within just the past few years these men 

broke inte fragments that largely define today's and women have come to 4 startling new 

| seroas let bp cre dag incredible ees understunding of the shifting, shuddering, 


Their new view of the earth is of con- 
tinents drifting majestically from place 
—_— = to place, of mountains ancl island chuins 
forming like rumples in rugs pushed 
together, of oceans opening and closing. 

The earth's seemingly rigicl crust, 
these geologists say, actually consists of a 
crazy quilt of great rafts, or “plates,” that 
are much like huge ice floes jostling about 
on a frozen sea. From 21) to 100) mites 
thick, the plates slowly move, carrving the 
continents and ocean basins with them. 

Siding ower a bot, semiplastic haver 
below, the rigid plates grind and crush 
together, causing earthquakes and val- 
canic eruptions. They crack, usually in 
the ocean basins where they are thinnest, 
and the pieces move apart. In the cracks 
molten rock wells up and soltelifies, like 
of the National Oceanic and Arona phonic new ice forming. Along other edies the 

dimin ira rents’ majestic plates are just a9 steadily destroved. Thes 
: bend downward, forming the deep 
eae saiition: vers hence (bottom). oceanic trenches, ond slide beneath an 
How can colossal landmasses cross the opposing plate or edge of a continent to 


= sonora earth? hee be consumed within earth's interior. 
| - Shunynrsn ‘ori rans 40,00 } ALL THIS sounds like utter fantasy, 











Along its crest runs a narrow rift valley, floored so it would have seemed to many ceri- 
with hot tock. In # process known as “sea: ous geologists and geophysicists only 








floor : it,” material from earth's interior lon years ago—and so it still seems to 
wells upward in these mleys. The ocean floor some. But the past decade has brought a 

moves steadily outward from the rift, wulled or sweeping revolution in understanding of 
hated: across a less rigid layer beneath the earth, a new basic grasp of the forces 
by forces still not understood, Offsetting the that shape it. The change of thought has 
steady creation of mew surtiice, other regions 


been compared to the scientific upheavals 
that occurred when Copernicus showed 





: : , we down, or “subdcuwct,” 
inte earth's mane sues deep-sea trenches. 


Earth sclera that our planet is not-at the center of the 
rie aapeencage gre —* universe, Darwin postulated the slow 
segments, known as “plates” (pages 10-11), evolution of living things, Niels Bohr 
They carry the continents and ocean basins on described the atom. 
their backs ke great rafts. “Tt is as if we have been walking the 





(Continued on page f2) 
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| To stay precisely on slation, 
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deck of a ship, eves cown to study the deck, 
and have never Jooked up to see that the ship 
itseli was moving,” a noted Canadian geolo- 
gist, Professor J. Tazo Wilson of the Univer- 
sity of Toronto (page 31), told his colleagues 
in a major acidress. a few years ao, 

“Textbooks are being rewritten,” says a 
U.S, geophysicist, Dr, Leon Knopoff, “Teach- 
ing of geology is being totully revised.” 

“A great excitement pervades this felel of 
study, vet there are diverse and contradictory 
opinions about the significance of the new rle- 
velopments,” writes a distinguished Russian 
avelogist, VV. Beloussev, 

Professor Beloussov himself still questions 
the extent, even the existence, of continental 
drift. Hut | heard him fairly summarize many 
af the arguments and new concepts. speaking 
in English in the great auditorium of Moscow 
State University before earth scientists gath- 
ered from all parts of the world in mid-1971. 

From such meetings, pnd in countless 
scientific papers published in the past few 
vears, has come recognition at last ofa notion 
propounded in detail 60 years age by a long- 
dnheeded German meteorologist and theorist 
named Alfred Wegener. 


ONG BEFORE Wezencr's time, geugra- 
phers had noticed that the continents— 
Africa and South America in particular— 

would fit together like o jigsaw pucele, i only 
they could be moved. As early as 1620-Sir 
Francis Bacon speculated that their similor- 
ity of shorelines could scarcely be un accident, 
though he did not envision actual movement 
In the mitd-1600's a Frenchman, Francois 
Placet, proposed that the Old and New 
Worlds were first split apart by the 40-day 
deluze and flood described in the Bible. His 
idea was echoed as late as 1800 by the Ger- 
man scientist Alexander von Humboldt 

All through the 1800's came chscoverics of 

identical rock lavers, fossil life, and other 
Strange matches between widely distant 
lands. Hut not wotil this century was the idea 
seriously developed that the continents as a 


whole might have moved. This was put forth 


first by a U.S, geologist, Frank B. Taylor, 
between 1008 and 1910, and then more sweep- 
ingly by Wegener, beginning im 1912. 

In bis book Tie Origin of Continents and 
Ocegus, published in 1915, Wegener wrote: 
“The continents must have shifted South 
America must have Inin alongside Africu 
_..the two parts must then have become 


lz 


increasingly separated over millions of years.” 
He proposed that the continents, blocks 


‘of lighter granite rock, must somehow plow 


through the heavier basalts of the ocean 
floors like gigantic ships, driven by forces 
related to the spin of the earth 

Conservative geologists reacted far from 
mildly. In the 1920's a president of the pres- 
ticiows American Philosophical Society in 
hiladelphia pronounced the whole idea 
“utter, damned rot! Wegener, after refining 
and republishing his evidence several times, 
died in 1930 during a meteorological expeci- 
tion to Greenland. He was generally cishe- 
lieved and derided. 

A-few wide-minded geologists, though pre- 
cious few, took-his idea seriously. A Briton, 
Arthur Holmes, espoused) continental droit 
in the late 1920's: he developed the theory 
in a textbook, Principles of Physical Geology, 
that Gs still unsurpassed in its field. A South 
African, Alex. L. Du Toit, compare! lanc- 
forms ancl fossils and came to the unshakable 
conchusion, expressil in a 1937 book, Quer 
Wandering Continents, that his country must 
ance have been attached to South America. 

Most scholars, professors, and students of 
geology, however, finding too many incon- 
aiatencies in the evidence, scorned and all but 
forgot Wegener's theory. There the matter 
stood until after World War IL. 

Then an explosion of knowledge took place, 
thanks in part to new and sophisticated in- 
struments, some developed to sound the sea 
floors, others to record earthquake waves. 

A chain of huge mountains in the miclst 


of the oceans was charted. “Though the Mid- 


Atlantic Ridge was known,” BruceC. Heezen 
af Columbia University's Lamont-Doherty 
Gedlogical Observatory told me, “we woke up 
to the fact that the oceans held a mountain 
runge 40,000 miles long.” The huge submarine 
idee, mapped by Heezen and his colleagues 
under Maurice Ewing. winds around the 
elobe much like the seam. of a baseball, 

The oceanic ridge is divided in turn by a 
thin, deep valley along its center line. The 
extent of this rift was first recognized by geo- 
physicist Marie Tharp, a colleague of Dr 
Heeven (page 30), while the two were charting 
the Atlantic floor in cetail in 1953. 

“Not only was the rift clearly visible on 
bottom profiles.” Bruce Heesen said, “it coin- 
cided almost exactly with the map of mid- 
écean earthquakes. Several yeors later, when 
SUIPETSENSHIVE Ssemsmometers were sel up TW 


Natrona! Geographic, Janwary 1¥7s 


detect underground nuclear tests, they con- 
firmed the distinct pattern of shallow sea- 
floor quakes. These precisely defined the rift 
and the great fault<, or transverse breaks in 
the ridge, between sections of the rift” 

Similarly, earthquakes were known to clus- 
ter along some continental edges and chains 
of islands, particularly around the Pacific's 
“Ring of Fire” (pages 10-11), Here they some- 
times occur far deeper, following steep slopes 
to depths as great as 450 miles. 

Farthquakes are caused by rock breaking 
suddenly. Something was happening along 
the ocean tifts and those deep slopes: 

Could it be that through the rifts in the 
ocean floor the very stuff of earth's interior 
wie welling up to form new crust, solidifying 
and moving outward? Could the seu floors 
be. spreading, carrving or pushing the con- 
tinents ahead of them? 

At the otber end of this great conveyor 
svstem, could old crust be disappearing in the 
deep trenches and under continents? Was 
this what causes the deep earthquakes, rum- 
ples up the island orcs and mountain ranges, 
and sets off volcanoes? 

Among these who advanced this intea of 
seafloor spreading, writing Landmark papers 
about ita decade geo, were the late Harry H. 
Hess of Princeton University and Robert 5. 
Diets (page 31), then of the U.S. Navy Elec- 
tronics Laboratory. Hess presented his con- 
clusions very tentatively, calling his article 
“reapoetry.” But many other geologists and 
oceanocraphers were listening, More evi- 
dence was meededl, 


pass. Earth's magnetic field—the lines of 
A magnetic force munning between nerth wand 
south poles—influences the magnetism of 
rock a8 it cools from molten form or accumu- 
lates as sediment on the floors of lakes and 
sens. In effect, rock layers. formed in past 
geologic ages keep permanent records of the 
direction to the magnetic poles at the ime 

As measured on different continents, how- 
ever, rocks of the same age seemed to point 
to poles in different places: 

"The problem coulct be selved only by as- 
suming the continents themselves hac mover,” 
lan Dalziel, a Scottish grologist now at 
L.amont-Doherty, told me. “That's basically 
what one British team, ot the University of 
Newcastle upon Tyne, dick They demon- 
strated continental drift by matching pole 


|: CAME, in simplest terms, from the com- 


Thit Chanping Earth 


positions The poles as recorded in England's 
rocks, for example, could be precisely matched 
to North America’s by closing upthe Atlantic.” 

Five years ago, flat on my face on a rock 
outcrop in Antarctica, 1 watched a young 
red-bearded geologist, Thomas ©. Early, 
us¢ a compass and level to onent rock samples 
to today’s magnetic feld, before breaking 
them free to seek evidence that the southern- 
most continent has moved. Tt has, although 
far less than other lanclmasses. 

Paleomagnetics, as the science is called, has 
produced even more startling facts.” One is 
that the planct’s magnetic held has reversed, 
fip-floppecdt north and south, many times—al 
least 171 times in the past 76 million vears. 

The reversals were confirmed im the early 
1960's in rocks in many parts of the world. 
They could be dated by fossils and radio- 
active isotopes: A time chart was developed, 
showing when the reversals occurrecl, The 
chart now extends back 160 million years. 

Meanwhile, seagoing marnetometers— 
long, slender torpedolike instruments—had 
been developed and were being towed by re- 
search ships back and torthacross the oceanic 
ridges. The squigely tracings they produced 
showed striking variations in magnetism on 
both sides of the rift valleve 

It occurred to two voung British invests: 
ators, Frederick J. Vine and Drummond, 
Matthews of the University of Cambridge, 
that if new crustal rock was indeed cooling 
antl solidifying at the ocean rifts and spread- 
ing outwurd, a record of the magnetic fip- 
Hops would lie there in the sen floor, as if on 
a Vast tape recorder. 

So it proved. Sea-bottom magnetism not 
only showed the reversals in parallel stripes 
dong the ocean ridges, but alse detected them 
on both sides of the ocean-foor rifts, like mir- 
ror images. If, for example, a sharp reversal 
ws found 300 miles east of the Mid-Atlantic 
Ridge, a matching stripe would lie 500 miles 
west Hy measuring the distances from the 
rift to reversals whose ages were known, the 
oceanographers could read how fast the sea 
floor was spreading. 

The ingenious method worked wherever it 
was tried. The Atlantic Ocean was shown to 
be opening at one to two inches a year. Parts 
af the Pacitic floor, purticularly off South 
America’s ¢arthquake-wrencherd west coast, 
were moving four times that fast. 


“Set *Magnrthc Chics Help) Date the Past! be Renieth 
F. Weaver, Natioxay Geoouariic, May 167 


I35 MILLION YEARS AGO 
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Since the original paper by Vibe and Mat- 
thews appeared in 1964, much more magnetic 
evidence has been gathered, The new data 
make it possible to date when various parts 
of Pangaea split and began moving apart. 

"North America and Africu separated 180 
ty 200 million years ago,” saves Walter C. Pit- 
man Lf of Lamont-Doberty matter-of-factly. 
“A rift between Africa and South America 
appeared about 145 million years aga. Final- 
ly, North America, parted company with 
Europe only about 80 million vears ago.” 

Wegener's single great protocontinent split 
first into two blocks (pages 6-7). In the north 
wis Laurasia, consisting of the ancient Lind. 
mass of North America (called Laurentia) 
plus Europe and Asia Inthe south was Gond- 
Wanaland, or Gondwana (named for a geo- 
logic region of India), made up of Africa, 
south America, Antarctica, Australia, and 


India, which then lay far south of Asia. The 


Tethys Sta, an arm of the great ocean Pan- 
thalassa, extended westward between them. 

Then South America began sliding west- 
ward. Africa parted from Antarctica. India 
broke free and sailed 3,000 miles north. It 
collided with Asia only some forty million 
years ago, The collision uplifted the high 
Tibetan Plateau and raiser the Himalayas. 


vaniations and flip-flops that proved to 

most doubters tn the 1960's that crift hac 
laken place. Other evidence piled wp, 

A British team at Cambridge, under the 
reophysicist Sir Edware Bullard, used ia cam- 
puter to demonstrate the fit of Africa ind 
South America. They compared not today's 
coastlines, bul the 3,000-foot depth line along 
the continental slopes, where they fall away 
into the deep ocean basins: 

Geologists from the Massachusetis Insti- 
tute of ‘Technology and the University of Siio 
Paulo in Brazil, led by a then-self-professed 
“anti-drifter” named Patrick M. Hurley (page 
30), went a step further, Using radioactive- 
isotope dating techniques, they compared 
rock strata on the west shoulder of Atnca 
and along the east coast of South America. 
The rock lavers am] ages matched precisely, 
even to bands of iron ore, tin, ane palel 

In Antarctica, in 1067 and again in 19, 
explorers mace what the National Science 
Foundation reported as “one of the truly great 
fossil funds of all time,” From. rock outcrops 
in the ice-locked Transantarctic Mountains, 


|: WAS not only the wavy lines of magnetic 


This Changing Earth 


they brought home fossil fragments of land 
Creatures from the age of dinosaurs. 

The antmals, among them a sheep-size 
reptile known as Lystrosqurus (page 17), a so- 
callecl “index fossil," were the first vertebrate 
land animals ever four in Antarctic. They 
Were identical to those known to have liveel 
in Africa, India, and China 180 te 225 million 
years ago. They could not have crossed even 
harrow spans of open ocean. 

“The fully developed presence of Lystro- 
saurns in Antarctica,” reported Dr. Edwin H 
Colbert, a renowned paleontologist who also 
once doubted continental drift, “indicates 
that Antarctica and southern Africa were 
jomed along «a brow front. The same is true 

for peninsular India...making of them 
essentially a single land,” 


all came home in mud and rock drilled 

from the floors of the world’s oceans by 
a gangly, improbable seagoing drill tower 
named Glomar Challenger (page 8). 

In August 1968 began a most remarkable 
expedition in scientific exploration, the Deep 
sea Drilling Project. It was an outgrowth of 
the abortive Mohole Project of the early 
1960's, which was originally proposed to drill 
entirely through the outer crust of the earth. 

Glomor Challenger was designed by a Cab 
fornia. offshore oil-drilling company, Global 
Marine Inc., to lower more than 20,000 feet of 
pipe in the open ocean, bore into the sea floor, 
and bring up bottom cores, or samples, The 
technical feat has been likened to drilling a 
hole in a New York sidewalk with a strand of 
spauchetti dangled from the top of the Empire 
State Buikchine. 

Federal funding was provided through the 
National Science Foundation. The project 
was planned by the joOmES proup—Joint 
Oceanographic Institutions for Deep Barth 
sampling—and directecl by the Scripps Insti 
tution of Oceanography in California 

On her very first lee Glomer Challenger— 
which proudly carries the name of the historic 
HOLS. Challenyer oceanographic expedition 
of the (870°s—struck incications-of of] under 
12,000 feet of water in the Gulf of Mexice. 
Oil-bearing structures hail never before been 
thought to exist under such depth of water 

On the third cirillmg leg, the ship proved 
that the Athintic Ocean was indeed growing 
wider. Late in 1968 she teft Dakar, on the 
western hump of Africa, and sailed south to 


Be THE MOST convincing evidence of 
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the crestline of the Mid-Atlantic Ricdee: There, 
on both sides of the central rift vallev, she 
drilled hole after hole. 

(Christmas Day, at 3:30 ao, o key core 
sample came up the drill pipe. It showed 
clearly the boundary between sediment and 
basement rock. And the age—or, Mote at- 
curately, the vouth—af fossils al the basement 
confirmed the grand theory, 

“The proof of sea-floor. spreading. . 
seemed to be th our hands,” reported the 
expedition co-leader, Dr. Arthur E. Maxwell 
of Woods Hole Oceanographic Institution 
in Massachusetts. As had been predicted, the 
ocean floor was youngest at the mid-ocean 
divide. The fossils prew progressively older 
the farther the drill ship moved outward, in 
both directions: The sea floor on-each side 
was sliding away fromthe Mic+Atiantic Ridge 
at nearly an inch a vear. 





OUR VEARS anid newly 400 holes later, 


® Glamar Challenger is still drilling the hard | naan 
skin of the carth, She has shown that the Key pieces of a geological puzzle came 
acean floors are fur Vener than. the con- [rem Antarctica’s Coulaack Bluff iabeve), 
tinents, The oldest seclimernts vet founcd hi only $00 miles from the Seuth Pole. Here a 
any of the oceans were laid down only some team of United States paleontologists dis 


covered foals of the extinet replile Lystro- 
fawn in 1960, Fe remains also eccur in 
Aftica-and India, which toecther with Ant 
arctica, Scuth Atverica. andl Australia mule 
up ancient Gondwinaland thelow) 


lf) million vears ago. In contrast, rocks 
found recently in Greenland have been dated 

at 3.98 billion years-old, 
lf carth’s total age, now estimated by gen- 
piiysicists al about 4°45 billion vears, is taken 
as a single 24-hour day, today's ocean hisins 
are thus <carcely an hour old. By the same 
measure, our cave-dwelling ancestors were 
hunting their prey less than asecond ago; the 
past 500 years is bul a 
EARTH'S Past hundredth of a second, 
ho INE DAY and o 50-vear working 
4 hours=4"s billion years ~~ life is only one-thou- 
ule’ uilfinnces, sandth of a second. 
L second = 30,000 vears (rlomar Challenger 
iy 1070 proved that 
Africa. slowly but inexorably moving nerth- 
warel, is closing the Mediterranean Seca Vol- 
canic eruptions, such as Mount Etna’s im 
1971 (pages 16-19), a5 well as the visient 
earthquakes that shake Greece and Turkey, 
are but tnoidental shivers in this collision at 
plates. [he gradual compression folds and dis- 
places the Mediterrancan’s [oor ate lifts the 

Alps ever higher. 

Six million years aeo—two munuiles in Our 
one-day time scale—the Mediterrancan was 
a two-mile-deep dry valley floored with 
salt, the crill ship discovered. Walled off from 
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if National Geagraphic, Jamiary 1979 


Onetime resident of Gondwanaland, cheep-size Lvctrosanrys proves that 
Antarctica once was part of a much larger southern, lantmass Remains af 
the reptile, which flourtshed 200 million jears aes, abound in Seath Africa 
atid India, Not until the discovery at Coalsack Blof did paleontologists know 
it noise inhahttecl Antarcticn, Because the creature could net have crossed! a 
Wide spain Of salt water ty reach Antarctica, that continent, with Affich and 
India, must have been part oof Conedwanaland, which later split and dispersed 


the Atlantic by a mountain range across the 
Strut of Gibraltar, fed only by a few rivers, 
the sea had evaporated completely 

“As chmate changed,” Dr. William &. F 
Rean of Lamont-Doherty said after drilling 
the Mediterranean’ floor in many places, 
“Dring pools and lakes at the low points filled 
and dnedup many times.” The process formed 
salt beds thousands of fect thick, salt typical 
if evaporation in desert heal. 

Then the dam broke, perhaps in an earih- 
quake, The Atlantic poured back in a cas 
cacing waterfall the like of which the world 
has not seen since (painting, pages 20-21) 
sitawater flooded 750 miles up the Nile Valles 

Russian engineers drilling beneath today = 
Aswitn igi Dum found successive layers of 
fresh- and saltwater sediments in a deep 
gorge cut into Nubian granite by the river as 
it flowed to a seatar lower than today’s. Their 
discovery supports Dr. Ryan's view that the 
mountain dam across Gibraltar may have 
formed and broken a number of times. 


fis Changing Barth 


oS BAe ose 


a BHLID she fe CLL ee) mei 





Long before this—450 million years ago, 
or a tenth of our earth-age day—a polar ice 
rane lay over whatis now the Sahara [Tt left 
ice-curved grooves still clearly visible in the 
bedrock of the Almenan desert. 

“Paleomarnetism shows that this rercton 
must have been at the South Pole, even 
though it's now 30° nerth of the Equator," 
savs Ur. Rhodes W. Fairbridge of Columbia 
University. “Algeria, in fact, has drifted some 
8,000 tales north around the curve of earth,” 

When todays Sahara lav at the South Pole, 
however, the Equator (as todicated by fossils) 
ran diagonally across North America. The 
two land blocks that are now Afmca ane 
North America must thus have been 6,000 
miles apart, ao quarter of earth's circum 
ference. Yet they lav tight together 250 mil- 
lion years later, ns part of Panesea, before 
today's Atlantic began to open: 

The conclusion & clear: There wis at least 
one earlier Atlantic, and perhaps more ‘| 

(Continued on page 24) 
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Gibraltar's gigantic cascade 
SALT WATERFALL TEN MILES WIDE plunger 
A thousands of fret down shairstepping 
catnracts. fram the open Atlantic inte thi 
Mediterranean Toerlayv’s Rock of Gilralion 
fons oo iaveerl cli at tar nent) Phe thunderinz 
Hectach eccurred) some ive million year 
mo oceording to riscaverntes by meophwsicist 
William BF Rean aboord Gionmer Cialirager 
Drilling ante the Mediterranean floor revealer| 
vast salt beds o¢ much as o mile thick, whicl 
could only have formed on bot, exposed tical 
ets. | hese meesunt the Weliterantean popeatedn 
driee| Ley), hen Phe] Seen Dr. Rean concluded 
Witine African and Eurasian plates 
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FIRST CRACK in «a meuntamn wall appeare 5 2 million 


year ago, at rainfall aed stroame qnaw a channel and 
Aci gro iteg trickka from the Atlantic. Sah encrutts 
the dry basin’s floor, and desert blights (ts aides. Core 
aarnple minerais indicate tomperatores may hare reached 
a searing Lee 7 
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Toiling where the Red Sea once rolled, Ethiopians pry up slabs of salt in the sweltering 
Danakil Depression. As recently a4 afew thousand Vears ago oplifting land walled off the Dana- 
ct? frou the rest of the sea: trapped watere then evaporated, leaving vustaall (epee fined a hurd 
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Laver cuke from the deep, a sample of mud from 
the Red Sea floor tells of vast wealth more than a 


noth the bliye-erav and the 


mile down, Iten tink 


recicish- brawn towers. Cb winite ame near Lays 
holds sulphides of lead, copper, zinc, gold, and 
sal vet Phe richest sedimetts concentrate im tit 
brine pools that reach 140° F 
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eqriier Atlantt eet] between 450 and 356 
million vears aco. The 
wolifted the long parallel riclges of the Appa 
of North America 

What we find when we unravel the rocks 
and sediments of the Appalachians,’ Dr, John 
Dewey of the State University of New Vork 
at Albany points oul, “is & paltern that looks 
just like the floor of the Athantic Ocean.” 

The same rocks and foldimngs continue in 
the Caledonian mountain chain that crosses 
Scotland and runs up the Scandinavian Pen 


insula, Similarhy, wteolowists see 
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the e¢pualls 
tine wor Ural Mountains as acollision front 
Asia whet 
they come together to form Parcaca. 

Tuzo Wilson was among the first to postu 
Athantic that closercl, thes 
reopened. In that dim before, says Wilson 
Ireland anc northern Scotland were twat o! 
North America. attached to Newfoundland 
Part of Florida lay in Africa 


hel iweet 1 Senraie Bure Ne and 


Inte un earher 


HILE THE ATLANTIC and [nein 
Oceans opened, the Pacific shrank, The 
Ammerivas slid weet, the huge Turastin 
block ane! Australia chiftecd cast. The Pacific's 
floor, meanwhile, was being consumed in the 
great trenches around its rim. At the same 
time new sea-Hoor rock was welling up dnd 
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Thus, though it mav be the survivor ol the 
origimal world ever 
the Pacific is floored with rock and secliments 
lar younger than the continents that rim i 
The oldest seditnents Challener 


eae a i 
loune lay in the northwest Pacihe—leposited 


o¢can—Panthalassa- 
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acarcely 160 millian Vears age 

Because of the upwelling of nutrient-rich 
wulters in-the Pacthe’s equalonal zone, plank- 
tonic hfe thrives there 


die. their limv skeletons fin down unceasing 


1S Lhe wny Crealures 


I’, builcing adeep banclot sofl white calcium 
curbonate—chplk—on the sea floos 

Bruce Heesen was co-screntific leader ol a 
trilling leew on which the Glonar Challener 
found this “chalk line” 
north of todays Equiatir 


at varving. chstances 
‘The only lence 
conclusion wis that the sea bottom fa 
moved.” be told me. “The main port of to- 
dauv's Pacific floor has been migrating north- 
millon years. 


Tuzo Wilson in P93 pointed te 


westward for at least 1 
the Hiawiit- 
ian island chain as driumatic proof of this 
moveTient ie ancl mest earth ecrentiets now 
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stationary hot spot, or plume, of superhot 
high-pressure material from the earth's deep 
interior, breaking out periodically os the sea 
bottom slides over it. (painting, pages 28-9), 

At the southeastern end of this conveyor 
belt, the big island of Hawonil is still violently 
active. uhu, to the northwest, appears: to 
have been born 3, million vears ago, and to 
have been quiet for two million vears. Mid- 
way, near the far end af the chain, was built 
15 to 25 million vears aso. 

Bevond that, oceanographers trace o line of 
submerged volcanoes west and north another 
2,200) miles, before the choin ends at the 
yawning junction of the Kuril and Aleutian 
Trenches. The oldest of the Emperor Sea- 
mounts, near the northern end, dates [rom 
more than 70 million vears ago. 

(Mber such chains of moving islands exist. 
Easter and Pitcairn lie opposite cach other 
across the Eust Pacific Rise, Strung out to the 
west are the Tyamotus and Soctety Islands, 
among them jageerd Tahiti und Bora Bora, 

Both east ond west of fiery Tristan da Cun- 
hain the South Atlantic, in a shallow V, pro- 
gressively older submerged volcanoes extend 
toward Africa and South America. They form 
two lines of mileposis marking the movement 
of the Atlantic floor over the past 110 million 
years (paintings, pure 14). 

Very bot regions on the sea floor occur all 
along the oceanic rift valleys. In the bottom 
of the Red Sea, for example, le pools of 
cupersalty water that are as hot ws 140° 
Fahrenheit. Normally such hot water would 
rise. Here it is held down by the density of 
its load of mineral salts; thought jo be bub- 
bling from vents in the sea floor 

Brilliantly colored lavers of aoze in these 
hot holes, plumbed by scientists from Woods 
Hole Oceanographic Institution, were found 
to be increcibly nchin copper, zine, iron, gold, 
and silver (opposite), Other such mineral-nich 
sediment layers have been discovered by the 
Glomar Challenger just above basement rock 
near other ocean rifts. 

The Bed Sea, its floor split by an active rift, 
is Considered by most geologists today to be 
an ocean just beginning to open 

Near the southern end of the Red Sea, 
where another rift through the Gulf of Aden 
also strikes into the African Continent, les a 
wild ane forbidding region Known os the Afar 
trinngie (page 23), Ethiopia's Danwkil Depres 
son and the French Territory of the Afurs and 
the Issas full within it. Teams of geolovists led 
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iv renowned voleanodlogist Haroun Tazieff 
have used helicopters to penetrate this region. 

The Afar triangle, Tazieff savs, was “as re- 
cently as some tens of thousands of vears ago 
covered] with seawater...." Oyster berls 
dated by carbon 14 as some 6,000 vears old 
are now 260 feet above sea level. A stone ax 
200,000 vears old was found encrusted with 
seashells in this blazing desert trough 

“The topography,” concludes Taztelf, “has 
bewn created by violent events that have oc- 
curred in very tecent times ...and are still 
In progress.... The trangle seems to be a 
focal point for new oceans in the making. 
What is more...we can see it taking place.” 

The geologists found volcanic cones of shut- 
tered glass, maternal which must have been 
spewed and vielently cooled underwater. 
They mappéed wide-open fissures and fresh 
faults, explosion craters and boiling springs. 
They actually saw an earthquake shift the 
crust along a fault line. 


Gulf of California, the long, narrow tongue 

of the Pacific that separates Baja Califor- 

nin from the rest of Mexico. Hot spots and 

earthquakes occur along its bottom, and fresh 
volcamic cones rise near its head, 

The landward extension of this sea-floor 
spreacing rift is the San Andreas Faultsvstem 
of California, West of the gulf and the San 
Ancress, the great plate that carries the Pa- 
cite is sliding inexorably northwestware in 
relution to North America, 

North America itsell is also moving west, 
but oot-as fast, carned like a great block 
away from the Mid-Atlantic Ridge. It has 
dimest completely overridden and destroyed 
the eastern limb of the original Pacifie flew. 
Thus some scientists, ike Tuzo Wilson, sav 
that the Stetra and Coast Ranges of the fir- 
western seaboard are crumplings of the con- 
tinental front where it met and overwhelmed 
the ald Pacific floor, Valeanoes such as Shasta, 
Lassen, Hood, and Rainier and the caldera 
of Crater Lake were Violent blowouts caysed 
by the friction of this meeting. 

The same overnding process uplifted the 
Colorado Plateau, which Wilson and others 
believe may lie atop an upwelling plume. The 
hat spot could pecount for the eartheyuakes 
ond thermal activity in the region of Vellow- 
stone National Park onthe Continental Divide. 

Chther scientists dispute this grand notion. 

(Cominied om pare 37) 
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Assembly-line volcanoes 


LArTTH THE PATIFIC FLOOE a5 a Conveyor 
helt o mideocean blast furnace has 


been turning out volcanoes for at feast 70 
million years. Thus sea-floor drift ex- 
plains the remarkable chain of ihe Ha 
Wiliin srchipelaca and the Emperer 
Scomounis in their 3,700-mile march tu 
the Aleutian Trench 


Geologists belteve that a huge column 
af upwelling lava, knewn us a “plume,” 
hes al o feed position wrdler the Parifie 
ks the ocran floor moves over the hot 
epot at about five inelics ayeur, the up 
welling creates a stenly suceession of 
nei V Oca ire Ss inal In turn Ouernie Ww th 
the plate Supporting this theory, the 
northwesternmost senmmounts, furthest 
from the hot spot, show the greatest 
ate; thev probably once stoml above 
water. Correspondingly, the big-islend 
of Hawa must someday drift on, and a 
ney’ voloano. will grow al the het apa 
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rock layers, warped and stressecl past encdur 
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sends out shock waves: [t happens hundreds 
if Limes A av in miner tremors 

\ massive mp of 15 to 20 feet destroved 


san Francesco once tn this centtury,-in_ 1x 
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bozles the imagination. Amd, vet, man has 
initiated earthquakes. He may even hove 
stopped an earthquake sequence.” 

He may indeed. A few years ago, seismic 
recorders began picking up numerous trem- 
ors near Denver, Colorado. The sudden ac- 
tivity centered on the U.S. Rocky Moun- 
lain Arsenal, where dangerous waste fluids 
were betng disposed of by pumping them 
down a deep well into the earth. 

Suspecting cause and effect, officials 
stopped the pumps. The tremors died away. 

Geologists since then have gone much fur- 
ther in an experiment near Rangely, Colorado. 
Here water is injected through wells around 
an old oif field to force more oil out of deep 
rock Jayers. By yarving the pressure, U.S. 
Geological Survey experts have shown that 
they can turn minor earthquakes on ond off 
as 1 by a faucet, 

Basically, unstable rock layers are being 
“greasecL” Water pressure in cracks and pores 
is built wp to the point where natural strese 
in the rock releases itself by small shitt— 
man-made minor earthquakes. 

The significance is apparent: By drilling 
wells into locked sections of massive faults, 
such as the San Andreas, it may be possible to 
reduce the ikelihood of a cutastrophic quake 
by deliberately setting off many smaller ones. 

Dr. John AL Healw of the National Center 
for Earthquake Research in Mento Park, Cal- 
Hiornia, admitted tin Moscow that scientists 
and the publi alike “wouldn't want us to 
drill a bole and begin pumping water... with- 
oul very careful thought. But if we can dem- 
onstrate that we understand the fault system 
well enough to avoid triggenng a dangerous 
earthquake, | think there is. a possibility 
of earthquake control.” 

The shudders of the reatless earth may thus 
someday be rendered] harmless. They may be 
released in small jerks or ns o teady creep, 
rather than in big destructive jumps, All that 
may be needed, in the end, is the courage to 
push the button to start the pumps. 

By such ingenuity men may start or stop 
local movements of the great plates that en- 
crust carth, And equally ingenios scurntists 
are already trying to measure directly how 
Much movement is taking place. To do it, they 
have sent mirrors to the moon, 

In 1969 Neil Armstrong and Edwin. (Buzz) 
Aldrin of Apollo 11 left behind on the Sea of 
Tranquillity an any of “corner reflectors” 
designed to fire back to its origin any light 
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striking them (preceding pages), Similar mir- 
rors were taken to the moon by Apollos 14 
and 15 and by the Soviet Union's Lunakhod 
unmanned crawler, which landed on the Sea 
af Rains in 1970. 

Since then astrophysicists in the 0S. 
France, the Soviet Union, and Japan have 
beamed high-powered lasers—light-cannons; 
if you will—at the mirrors. By measuring the 
time it takes a pulse to return, the scientists 
naw cin measure distances to the moon mir- 
rors to within six inches, That accuracy miay 
soon be improved to an mh. 

Hy repeating such measurements over vears 
—even decades—observatories on opposite 
sides of an ocean may be able to detect the 
few inches a vear by which they themselves 
are moving apart or caming together as the 
continents and ocean floors drift. 


> THE OCEAN FLOOR MOVES, its 
leading edges—particularly im the Pacific 
—hend down in the great sea trenches and 


are éwallowed back inte the earth, 


Why could net man dispose of his trash and 
garbage in the same subchuction process? Two 
University of Washington researchers, Robert 
(. Bostrom and Mehmet A. Sherif, have pro- 
posed that great cities coukl rid themselves of 
their burgeoning refuse by dumping it in the 
decp-sea trenches. 

The waste would have to be compacted, to 
sink and stay put. The best places, say the sct- 
entists, would be where myers disgorge their 
loads of silt off the continental edges, to bury 
the garbage rapidly in mud while itis carried, 
at inches a yeur, into earth’s interior. 

Los Angeles’s garbage, for example, would 
have to be shipped a thousand miles south to 
the Middle America Trench; New York's ane 
London's, to the Puerto Rico Trench, Costs 
would be formidable. But, proponents argue, 
mineral ores and other raw materials are 
shipped just as far before being processed into 
things that wind up as trash. 

Bostrom and Sherif say, “In anagem which 
waste material i mass-produced, only a 
mass-production disposal technique can be 
success! ul,” 

And only facetiously do other scientists 
peunt out that refuse carried down into molten 
regions under sea trenches might not be “zeo- 
degradable,” but would come spewing back 
out the mouths of volcanoes. Nicaragua's 
Cerro Negro spitting back old washing ma- 
chines from Cucamonga! 


Nonanal Geographic, January 1973 


move, the earth's rigid crust is created and 

destroved. What uwnimaginably great foree 
drives this system? What causes the globe to 
shudder and shift, continents to move? 

Geologists with the deepest involvement in 
this field are the first to admit they do not 
know. The motive power of the new “global 
tectonics” ts still its greatest mystery. 

Many forces bave been proposed, some 
carefully reusoned, others outright flights of 
fancy. Nonscientists have blamed a. giant 
meteorite’s striking the tarth for setting the 
continents ocrift; others sav that erowing 
polar ice caps unbalance the spinning planet. 
Earth's axis, they warn, may (again) tip in 
space, or iis crust as a whole slide into m new 
position, like the dried skin of an onion, 

Alfred Wegener speculated that the broken 
pieces of Pangaea were being driven toward 
the Equator by o steady Polflucht, or “fight 
from the poles,” caused by earth's: spin. 

Arthur Holmes, Harry Hess, and others felt 
there must be slow-creepine but relentless 
convection currents in the semiplastic mantle, 
the hot layer of rock beneath the crust 

Tazo Wilson likened the process to a pot of 
soup boling on a steve, with patches of froth 
drifting hither and yon over the surface. 

Cither, even stranger analogies have been 
suggested. The ocean ridges may be nothing 
but scour tissue, or welts. As mantle rock wells 
up and combines with water, it changes in 
crystalline structure and expands, This swell- 
ing could create the oceanic mountain ranges, 
raising one edge of each crustal plate. The 
plate then simply slides down the slope under 
the pull of gravity. 

Another hypothesis i that the heavy cold 
leading eclge of the plate, sinking inte hotter, 
less rime mantle material, pulls the rest of the 
plate behind it, Its proponents liken this proc- 
esa to & bath towel floating on water: as one 
edge becomes wet and sinks, it drags the rest 
of the towel sideways. 

Currently causing most interest is the sug- 
gestion by W. Jason Morgan of Princeton Uni- 
versity that the plates are being driven by 
deep-rooted hot spots or plumes, such as the 
ome that has broken through repeatedly to 
form the Hawaiian Isiands. 

Whatever the forces, they are bevond man’s 
control, and perhaps bis full comprehension. 
They are also so slow as to be almost unfelt 
over anv muun’'s life-span, of even that of man 
on earth. Remember that on our daylong 
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time scale, our species has existed for less 
than one minute. 

I say almost unfelt Great earthquakes are 
among the most terrible and terrifying of 
naturel events And even the slow creep that 
goes on beneath our feet does make mensur- 
able changes: The Atlantic Ocean will grow 
wider by about your own height in your life- 
time. The Pacific will shrink by perhaps the 
width of vour house. 

To the last hour of the ecarth-tay, India has 
moved nearly 5,000 mites north, the United 
States the sume distance west 

Robert Dietz and John C. Holden have 
postulated and mapped what will happen 
in the next 17 minutes—50 million vears—if 
present rates of drift continue (map, page 6). 

“Los Angeles, far north of San Francisco 
by then, will nearly have reached the Aleu- 
tian Islands,” they say. “Ten million years 
more anc it will either slide into the Aleutian 
Trench and be destroved, or become pert of a 
new lanclmass,” 

Central America will be gone; Athintic and 
Packie will meet in the Caribbean Sea. Est 
Atica will have broken from the rest of the 
African Continent, and the Great Rift Valley 
will be a long water-filled gulf. The Red Sea 
will have widened, the Medtiterranean shrunk. 
Austraha will have moved north beyond the 
latitude of Singapore, and will have overrun 
mut of Indone<ia. 

Such changes are all in the ungraspable 
future. Ky studying and reconstructing fust 
how the continents once fitted together, 
however, geologists have already found ore 
and dtl deposits on one side of an ocean by 
known where they were on the other side 

Scientists continue their search for the old- 
est rocks of enrth’s crust, and] for clues to 
what may have happened not just millions 
hut billions af wears ago. In a new six-year 
international effort called the Geodynamics 
Project, headed by U.S. earthscientist Charles 
I. Drake of Dartmouth College, they will 
study the slow drift of plates and its effects in 
mountain buieing, earthquakes, and volca- 
noes They will look for the driving mecha- 
hism, the “engine” that moves entire con- 
tinents ancl creates oceans. 

The search has been called the greatest 
jigsaw puzvle ever put together, a new game 
of chess played on a spherical board Tt 
certainly fulfills the ancient Chinese maxim, 
embodied in the J Chg, that the one con- 
stunt cortamty in the world is chanze. [] 
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By THOMAS Y. CANBY 


Photographs by 
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Raw wound actess a torture! 
land. the Son Andress Fault 
duisthes the desolate (Carrizo 
Plain 1) miles thorth of Laas 
Aneeles A ranch fence banked! 
with blown tumblleweed borders 
the escarpment at right 

icin for 70 miles (pate 42), 
the fiultt svstem marks the 
botindars of tw wheantic Slakes af 
eurth's crusl The eastern ate 
carrice most of Caltform and the 
rest of orth America: the 
weetern bears o sliver of coaatil 
California and the Peetiic C)cean 
AS the Pacific pilate pistes 
northwest in relation to he 
Vnerican plate. friction binels 
the eines Poriorically the rock 
breaks alone the fault wel shifts, 
unleashing aarihquakes 

Such a mupbure canted) the 
theasituus San Francrsdd earth 
qunke of 1908, Whitiw ac1entists 
predict another major quake 
wmnewhere Wlone the fault before 
the end) of lhe century 


(ROM FIRST LIGHT OF DAY we have occupied 
aur strategic hilltop, overlooking «long, shadowy 
crease In the land that marks the San Andreas 
Frult eA! We cheeses Atattticel ii concrete-arti- 
bronze geodetic marker. one of many that pepper this 
quike-prone area south of San Francisco. 

Qur detachment is small—four heleimen of the 
United States Geological Survey, a helicopter crew, 
photographer Jim Blair, and myself, Our armament 
iso liser sun, which we now train across the San An 
reas toward a reflector ten miles away. Our mission: 
To measure.within o hundredth of an inch the amount 
the markers have shiftecl in the past vear—and thus 
how much the:State of California is being wrencheil 
and warped by the great fracture cone that scars most 
af its lenath and part of northern Mexico 

With a sudden Hash our laser beam strikes the re 
flector across the fault and bounces back, giving us the 
distance. Later acomputer will scrub out atmospheric 
distortions detected by instruments on the copter. U1- 
timately our measurements will join thousands ol 
others made along the fault to advance a goal that 
both the Federal ane California Governments regare 
os urgent: thet of earthquake predmtion. 

In the not-so-ctistint future, scientists believe, the 
seismic forecaster will join the weatherman, able to 
give timely Warning of danger to the ome American bt 
ten who lives in, earthquake country 

A dramatic unclerstancding of why Calilornia ts 
Corthiqjuake Couns has emerted only im the jst 
decade. Ibis based on the newly accepted theones of 
continental drift and sea-floor sprending described 
in the urticle preceding this one. These theories de- 
pict the San Andreas Fault as the meeting place of 
two of the many serments of crustal rock that form 
(he planet's surface. Pushed or pulied by ttame forces 
till not clearly understood, these seaments—geologists 
call them “plates"—slowly drift. In some regions thes 
collide, buckle, anc lift up mountains. Along the san 
Andreas they grind past each other, scraping edge to 
edge. The Pacific plate carries California's coastal 
elue northwest in telation to the rest of the state, 
which ndes the American plate (map, peeze 42) 

Some scientists say the plates grind past each other 
at only an inch a vear others believe they gallop along 
at three times that specel. Atan in-between tate of two 
Inches, Los Angeles, riding the Pucihc plate, would 
majestically draw abreast of San Francisco im ony 
ten million veors, on tts way toward oblivion in the 
Aleutian Trench (page 6) 

lf the plates would slide smoothly past each other, 
as indeed they seem to do aleng part af the foult, 
most Californians would happily mde along. This 








smooth motion if what geologists know as “creep.” 
But stupendous pressures along most of the plate 
boundary create friction; the edees back. 
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Wrenched askew, streams jog sharpils 
os they cross the fault, here a muted 
Hine ‘running horizontally across the 
fictore AS the earth shifts during suc- 
cessive: quakes, streams fold) fast tu 
their courte: across the bleak Carriz 
Plain, Much of the offset visible tere 
about 70 feet, probably oeeurred during 
the mighty Fort Telon quake of 1857. 
When the earth ruptured far 200 mites 
ati] the west side of the fault, al top, 


shot 00 leet past the ent. 


Diagnosing strain along the fault, the 
U. SGedlogical Survey miasures benal- 
Ing of sorface truck near Hollister 
Positioning o laser thottom! over o 
eeodetic marker, the team bounces the 
beam of a reflector at another market 
ten miles across the fawlt tupper). The 
heam's travel time ts oorrected lor otmo- 
coleric distortions fread by instroment 
on the helicopter, By recording the 


buildup of strain, US. and California 


ngeticied aerk Wiss lo forecast quakes 





Where the edges are locked but the plates 
Inexorably advance, the boundary rock bends, 
or strains, until finally it can strain no more. 
Then it snaps along the fault and shifts vic- 
lently back toward equilibrium, ike a bent 
stick breaking. This shifting rock spawns the 
devastating shock waves we know as in 
earthquake. 

“Tt is this shaking, not the actual surface 
rupture of the fault, that causes most of a 
quake'’s damage,” emphasizes geophvsicist 
Clarence RK. Allen of the California Institute 
of Technology, a leading expert on the fuult 
“Acmajor quake destrovs buildings ten miles 
away as easily as those a hundred feet from 
the fault; even some structures a hunedrer| 
miles distant can be flattened.” 


B bruising, the plates have shattered! Califor- 

nia with hundreds of fractures: The San 
Andreas is by far the longest ‘and most notori- 
ous of these, and 2o its name brands the entire 
700-mile-long fault zone, But an earthquake's 
sudden terror, Californians know, can erupt 
from the most insignificant of foults. 

Like the San Fernando Fault. Few geolo- 
gists knew of its existence in the San Gabriel 
Mountains behind Los Angeles— until it rop- 
tured before dawn on February 9, 1971, 
Thrusting parts of the mountains eight feet 
higher, its shock waves cudgeled the sleeping 
San Fernando Valley for about ten seconds 

In all, 54 persons died. Hundreds more suf- 
fered severe emotional shock, brought on by 
the terror of shaking in the durkmess. Five 
overpasses: fell (page 44), a thousand builed- 
Ings were demolished or badly damaged, in- 
chiding three hospitals 

Destructive as it was, the quake mercifully 
struck the edge of a moderately populated 
area, hot the heart of a city. It hit before 
crowds flowed onto freeways and sidewalks 
Adam whose waters could have killed 80,00 
sagger, but miraculously held, And the shock 
itself registered only 6.5 on the logarithmic 
Richter seale. Soberingly, the §.4 quake that 
destroved San Francisco in 1906 released 3450 
times ms roauch energy. 

In historic times only two other monster 
carthquakes have jolted California. An 1837 
cataclysm, with its center near Fort Tejon 73 
miles forth of Los Angeles, rent the sutface of 
the earth for 200 miles as the west sice of the 
san Andreas Fault slammed northward as 
muchas 30 feet, An 1872 convulsion along the 


[: NMOLLIONS OF YEARS of butting and 


California's Sun Andreas Fault 


Owens Valley Fault brought people inte the 
streets from San Dieco in the south to Eureka 
In the morth. 

The question becomes inevitable: Is an- 
other such big one on the way? 

[ pass on the words of an official of the 
National Oceanic and Atmospheric Admin- 
istration, testifying Inst year before a Senate 
hearing on seismic safety. “In the weather- 
man's parlance,” he asserted flatly, “the 
chances of a major quake along the fault in 
the foreseeable future are 100 percent.” 

When and where will it strike? 

Emphasizing that his opinion or any other 
can be “little better than guessing,” Dr. 
Charles F. Richter, the father of the magni- 
tude scale and now Professor Emeritus of 
Seiamology at Caltech, has estimated that the 
most likely locale is the San Andreas Fault 
inland of Los Angeles—a repeat of the 1857 
‘ort Tejon shaker. 

The next most likely possibility, he thinks, 
is wconvilsion near the northern end of the 
fault—a rerun of 1906. Assuming move- 
ment of 24, inches a veur, two scientists at 
the Lamont-Doherty Geological Observatory 
calculate that strain in the San Francisco 
region already equals that of 1906, meaning 
another majir quake could be tmminent, 

Other experts differ. Some, like geophvs- 
iit Robert D. Nason of NOAA’ Earthquake 
Mechanism Laboratory, think San Francisco 
has perhaps another century of grace. 

Bui the tension is there—in the people as 
Well as in the ruck. In spring of 1969, for in- 
stance, concern was evident throughout the 
state. mighty quake would soon split it wide 
open, so the warnings went, and the west side 
would slide into the sea. 

Inspired by a min of soothsayers’ proph- 
ecies and a doomsday novel, the scare feel on 
iiself and abundant metlia attention. A minor 
tremor heightened the fear. Families moved 
out of the state. An entrepreneur considered 
erecting bleachers, on the fault—east-side 
senting only, 

Television camera crews came from around 
the world, local geologists became.celebrities. 
“IT tried to point out that California couldn't 
slide into the sea,” recalls NOAA's Bob Nason. 
“The ocean is only two miles deep, and Cali- 
fornia is at least 20 miles thick.” 

To no avail; April 18 was to be the dav, 
S218 pom. tie time. The moment passed, Cali- 
formia remained intact, and the trauma slid 
reluctantly into the sea. 
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HRUSTING ASHORE from the taulf of 
California, the San Andreas Fault 
system reaches almast to: in before 
vanishing bansath the Pacific. In additinn 
tothe master fault, there are hundreds 
: af branch atures. Major ones are 
SAN FRANCTORE ANS Be A oe Bat wean Cholame nid Saay desu eults, 
DN Oe etal bY te oe } oe the sides fail to lock completely. Instead. 
3 :-* ae ee te *1 ) they ease gradually past each other 

San Juan Ba ee ae oe Re ES Riera in-a mowement known as “creep.” 
= AN | | auHAnn or bbribem, birt) 


SOURCE OF QUAKES lien dees in 
bedrock; most tremors along the 
San Andiens bagin about five 
miles down, Seismometer networks 
locate the focus, the point of 

plot the epicenter —the surace 

point directly above. Violent quakes 
rupture the surface, offsetting streams 
and splitting bills to form scarps. 








Three major faults slice the San 
Francisco Bay r 

4,700,000 T 
Andreas shifted 20 fest in 1906, Bath the 
alaveras Faults undergo 

creep, possibly relieving crustal stresses. 
The map opposite foliows a new detailed 

study spearheaded by the Geological Survey. 





Bedrock areas best withstand shaking. | | 
Unconsolidated sails show fair stability, 
Mud and fill_areas amplify snaking and | 





in places flow like liquid when vibrated. 
Unatable bedrock could produce earth alites_ 
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') TAKE THE MEASURE of the San 
Andreas system, Jim Blo ane 7 few it tn 
haps, SKIDS ne jumps [Pom TLS OFrteinis if 





exican sands to its northernmast 
springboard into the Pacific, only a hundred 
mules south of Chreeoan 


sweltering I 


As tl unfolded, we 
were ostounder, almost shocked, by the viv- 
idness ane Violence of 18 mork woon the land 

Circhne the bead of the Giulf of Caditornia 
with Caltech seismologist Thomas (C. Hanks, 
we looked down on ene of the fault’s most 
recent 
vears it bas tern the rocky rib of Bajo Cali 
fornia frony the breast of mainland Mexico, 


works. Ddurine the past four milliin 


ping berth to the eu 

Here in the south, Tom Hanks explained, 
the fault is splaver), taking the form of several 
narallel fractures 
reat slab of chesert foeor ane let it slowly cron 
the Imperial Va 
Hot springs, =ymptoms of the fever afflict- 


Two of these loneened a 





betwen there le 
ing this fitful region, steamed below as we 
chirted the Salton Seo Ahead, a low escarp- 
ment took <hape—ahe southernmost trace of 
the Son Andreas Fault itself 

Where no scarps or shearcd hills marked 
the fault, | learnecl to follow its path by the 
contrasting rock colors on each side, or bs 
streams Whose beds hal been offset by earth 





Oliten a 
thin line of eray marked the fracture. This 
was “gouge, rock ground into fine four by 
the millstones of the phates 

North of Indio the fault bene abrupiths 
weet, & jor that here brings the plate erclere 
mite collision Struveling to pass 
they gradually compress and thrust op the 
towertng Transverse Ranges 

For the hundred miles between (Cholame 
am! San Juan Bautista, truly great quakes 


are unknown, although lesser ones abounel 


TMOVEMents WiTross Lhe tae bi) 





head-on 


This 1 the realm of « reeyi, where the fatlt's 


sides slide past cach other al about an mch-a 
vear South of Hollister this steacly creep 1s 
slowly nipping apart an old winery building 
“(reets of the city itself are beme offset 

Pursuing the fault north alone the San 
Francisco peninsula, We few over ghslening 
san Ancdrens Lake: which les within the fauit 
trough (pages 48-9), [1 1s for this lake anel its 
elongated valley that the fault & numer! 

“Worth of the Galden Gate the fault follow: 
the coast, skipping at several points into the 
cea. At Shelter Cove only a gentle 
marks the where it 
for the last time inte the ocean 

We landed at the northern California town 
th Gearbervil 


LTS 


quiet headland fives 


ce Dhere were no cabs wh thi 





MLAs 
Fe! ie 


— 


When the earth twitched: Collapsed overpasses Le in ruin and toppled cans «trew a 


wipermarket alter an earthquake alone «minor fault shook the San Fernandes Valley on 


February 9, OT). Measuring a metierate | 
and cae hall @ bellow 


5 oo the Richter seale, ot lett 64 persons deacl 


lollars” damage in-suburban Los Aneelics 


aminl| airport Oo | hitched « ncle into town 


with 16-vear-old Marshall Brisbane. I oskec| 
a question I put to Californians everywhere 
Did he worty ahout eartbouakess 


“TL think 
shore!” IT a be RED 
| tHhecl the | 


His face vlowed with excitement! 
ane would be oul of 
from the quiel smal town 

Then hie eves climbed the towering hills 
mice, 


would aphlit rnght open, 


around ws, and the young man in hin 


+l ouyess those ridges 
ri 


wouldn'l theve 


F I i \ ; I a 
Marshall Hrishane’s range of feelings. | 


found, embraces these of many Californian: 


“Earlhoqunkes—wWwhy Worrer Tan gem 


reirain 


“Tot can vet ita lot cube ke r owl there 


E‘ET thie ree wi" “Tl take Chuan ES tm Lose 


hutmicanes they gel down South,” | atten 


heared Or, “Better than those tornaclees, 


hor sheer postive thinking, | achenirec| thi 


orchenl! of (OTT 
"There won t be another one, ‘ decloired Frank 
“Lm SEVER IT the 
showed me back, left when 
Velerans 
buried him alive 


irs 


ind their two davehters wondered of peaple’s 


Fernando a vear after the 
aan. 
AV hits 


hleaspital 


Cartionira 
Cars fe 
Crollanse) fri 
But his was a house divided 
Carbonara told me she feared quakes, 
brave talk was designed to keep up their 
aT Litre 

clittet 


oe - rerep ro i, 
irom uncancem to 


Individuals obvieusl withely in 


outricht fear” 
Sait) De yCnlacrist CLOW oF Son 
Fernanda 
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calendarte prepare for the inevitable destruc- 
live earthquakes we Akmow are coming,” as- 
serts State Geologist Wesley G, Brier 

“Th we could reliably forecast a major 
shock,” says NOAA Administrator Robert ML 
White, “we could get ready. Water agencies 
could lower the levels of critical reservoirs. 
Disaster-relief forces could mobilize, Hazard- 
ous buildings could be evacuated.” 


ELIEVING CREEP might portend 
quakes, NOAA and NCER, the Geological 
Survey s National Center for Earthquake 
Research, have laced the fault with wires and 
rods that measure the slightest slip. | saw 
similar networks suturing the parallel Hay- 
ward and Calaveras Faults. (“We're stitching 
them so they can’t move,” quips one geologist.) 
The creepmeters already have snared a 
Clue about quikes. For two years before a 3.0 
tremor shook the Almaden Cienaga winery 
near Hollister, spilling 11,000 gallons of wine, 
movement there doubled. Thus galloping 
creep may presage earthquakes. 
Of equal interest 15 strain—the amount the 
underlying rock is bending along the five- 
gixths of the fault that is locked 
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As they oress the quest for quake predic- 
tion, scientists giso oversee a statewide effort 
to minimize trouble when tt strikes 

Spotted strategically along the northern 
fault, a dozen seismometers constantly moni- 
tor its health and telemeter their reports to 
the Seismographic Station of the University 
of California at Berkeley. In the south | saw 
reports from a simular network flowing inte 
the Seismological Laboratory at Caltech, 

The instruments show that their patient 
never rests Tremors of magnituce 27,0 or 
greater wrack its body at least once a day; 
such reports #o into its bulging medical rec- 
ord =0 computers can plot the epicenters 
About once a year the restless tant convulses 
With a §.0 spasm or worse. This setsin motion 
a Series of emergency operations to safeguard 
all Californians 

Automatic alarm at the selamoeraphic 
stations notify police. Simultaneously earth- 
quake alert panels Ash and buzz at the state 
capital in Sacramento. At once officials dis- 
patch crews: ta check the safety of chames and 
aqueducts, to search for potential lancdshdes, 
to evacuate people if necessary. 

(Continwed on page 52) 
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What can Californians expect. when the 
next major quake comes? 

For answers | turned to the U.S, Office of 
Emergency Preparedness, which with state 
agencies is preparing a disaster plan for the 


‘San Francisco Bay area. It takes into account 


that the aren's 4.7 million residents live, in a 
sense, in dowble jeopardy, between the Hay- 
ward and San Andreas Faults (map, page 44). 
OEP scenarios estimate the effects of a 
Magnitude $4 quake, equivalent to that of 
1906, striking along the San Andreas (figures 
for the Hayward are similar): 
* SCENARIO 1: Time—2,30 a.m. Most people 
aieep in their homes. The area's nine dams 
hold. The toll: 3,000 persons killed, 11,000 
hospitulived. 
* SCENARIO 2) Time—? pm Many people at 
work: streets and sidewalks busy; dams hold. 
orP sees 9.500 killed, 35,000 hospitalizert 
* SCENARIO 3: Time—4:30 p.m. Roads and 
sidewalks are crowded with nish-hour traf- 
fie: dams hold. More than 10,000 che, 40,000 
hospitalized 
Add the clement of failing dams, and cas- 
uulties soar—to 100,000 dead or injured. 


Angeles area, engineering professor (€ 

Martin Duke of UCLA considers an 8.3 
shock on the San Andreas 35 miles from City 
Hall, Striking at 6 acm., as did the San Fer- 
hando quake, it inflicts 3,100 deaths, 24 bil- 
lion dollars’ worth of damage. Let it hit in 
daytime, when pedestrians crowd sidewalks 
and traffic streams across the 100) te 200 over- 
passes that could fail, and it is “distressingly 
easy” to visualize 10,000 deaths. 

The biggest worry i¢ unsafe buildings, c- 
pecially schools Basically, this means old 
masonry buildings that went wp before codes 
called for quake bracing. Perhaps forty 
thousand exist in the Los Angeles Basin 
alone; tens of thousands more stand in San 
Francisco and elsewhere. 


[ A SIMILAR SCENARIO for the Los 


As for schools, more than a quarter of a 


million Californiachildren still atten rl at least 
a class a day in 1,500 buildings that predate 
safety standards established in 1934, The 


San Fernanda quake showed that schools 
built. since then hold up extremely well 

Other danger arcas: 
® PARAPETS: These decorative littl walls 
that jut above roof lines, along with gargovles 
and other architectural ornaments, pose o 
frightful peril. Easily loosened by shakine, 
they can hurl down avalanches of masonry 
on pedestrians beneath. Los Angeles ranks 
high in parapet control. Bakerstield’s problem 
largely vanished when a 1952 quake shook 
most of them off, 

* pans: The near disaster of San Fernando's 
Van Norman Dam focused attention on 
the state’s 1,100 impoundments, and led to 
the draining of two for safety. “Earth-filled 
dams properly built.” asserts Safety of Dams 
Supervisory Engineer A-M. McClure, “will 
Withstand the greatest earthquake.” 

* BRIDGES: Seven collapsed at San Fernanda. 
“We learned a lot,” concedes State Director 
of Bridwes Arthur Elliott. Me believes his 
engineers are successfully incorporating these 
lessons into the two new spans added to 
California's vast road network cach day 

* LAND Usk: As the human tide has engulfed 
California, people have built everywhere— 
on slides, on floodplains, on faults The 77,000- 
sent Berkeley football stadium sits cirecthy 
astracidle the Hayward Fault. 

Californians still build in precarious places, 
but less and less. Many alarmed communities 
are taking a look at what they sit on- 

Surely o trailblazer is litth Portola Valley. 
a cucalyptus-shaded suburb of San Francisen 
that the San Andreas slices like a_knife. 

Portolans have appropriated funds to map 
their slide hazards, required builders to ob- 
tain so] surveys, hired a town geologist to 
anulyze them. They also proposed a bold 
moratorium on building near the fault, Fif- 
teen minutes before council members con- 
vened to vote on the measure, a magnitude 
3.0 tremor shook the town hall. The bill 
passed withoul dissent. 

Ina happier-than-usual way, they lived the 
earthquake story. Their lesson: Along with 
its hazard, each tremor gives a nudge toward 
doing something about the next one. 


Shoestring oasis of wild palms, fiery ted in this infrared photograph, borders the 
fault north of the imperial Valley, Movement of the plates has ground the boundd- 
ary nck into a fine clay known as “gouge,” which forms a subterranean dam. 
Groundwater trapped on the uphill side procuces the striking line of vegetation— 
a-fragile manifestation of the titanic forces constantly reshaping the restless earth. 
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T SHOULD HAVE BEEN ow eréat evening 

Pete and [ hacl just moved into the first home 

we haul ewer built with our own hands, a tiny 
spruce-log cabin set. on the shore of a tranquil lake 
deep im the Alaskan bush 

lt was lke being on an island in a sea of wilder: 
ness. 17 miles from the nearest train ston, eclylit 
mites from any rood, and ony our iriends Kent and 
Martha Smith living nearby, in a cabin within 
shouting distance 

The first snows of autumn had fallen and the 
night was block, with clouds scudding hefore a 
Ing wind, Vet Inside our cahin, warm with a 
roaring wood fire -and sweet with the deep-sleep 
breathing of our /-year-olel son; we felt secure 
nd al peace 

Then, suddenly, the cabin shook Pete glanced 
towird the ceilme where our lantern hung from 
the ridgepole. My eves followed his. And we both 
aenserl the chill of fear 

The lantern was swinging! 

Watching, we literally hele our breath, awaiting 
the collapse of the cabin we had rased with «no 
much labor ane sa little CxpeETient e. Then. after 
Wal seemed an age, the swinging slowed, Stopped 
Chur cabin stood intact 

Che mex cit Cif Dallliery-powened rao brometit 
Usnewsol what hac happened The earth itself had 
quaked. That our cabin had been sturdy enough for 
such a tremor gave us needed confidence 

In the more than four Vers since that night in 
5, o0F winters in the wilderness have inspired 
an even preater sel-confilence that we can live— 
antl fourish—without all the customary trappings 
of 20th-century civilization 

Pete and [ both crew 
mountains and places where there weren't many 
He was 
sachusetts, and | in Denver, Colorado: we both 
attended Coloradn State Universit 





up fecling good ohowt 


other poople ruisecd| near Boston, Mae 
. where We got 
to know one another on mourtain outines 

After graduation I joined the Peace Corps, and 
be went climbing, When we were married, both 





By NANCY ROBINSON 


Photographs by JOHN METZGER 
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thot LOU pounds of cement on fier buick! carry Water bin kes, operate o chon <aw, anc 
The following three weeks Martha and [bow to split firewood, using not brute strength 


husied oucseives with such “woman's work’ but eood auimand a knowledge of how differ 
i Varmishing the floors ancl walls of ithe ent tages welt) to the ax. in the enc). there wae 
smiths cabin, conetructing an outhouse, the 12-bv-18-foot cabin Pete pod | were goine 


ink deli ge ill iloor, table and kitchen cobinet. Lis call athtaat 
ant installing a wood heater and stovepipe 

by ihe time our men arrived, we had things 
homey and comfortuble, True, the table wal 
lileel tf little. the dni cick t Mme smceothhy 


“FE. LIVE tna long, windswept valley 
i lech richer! on the west [yy Lhe Alaska 

Rance, with Mount Mckinley, apes 
ane the still-roofless OU Ose leanne lie Ulve of the continent TS TS nowy Crown (pepe: 
north, but we were proud of our accomplish 
ments: ur constructions lasted fang enough often glimpse massive McKinley, cafled [e- 





4-5). From the shore of Enmine Lake we 








to get os all started with the bueimess nf liv- mili—the Pall Qne-—ty the KRovukon Indians: 
ing at Ermime Liki Sut if clouds veil thal view, other Alnska 
Hy the end of October the four of us had Range peaks still gleam behind jagged and 
completed o second cobin, anid our big haps rocky files. Foothills of the Talkeetna 
smith/Robinson family again became twee Mountains wall.us on the ewst 
tame: We Dod oll labored lone anc hare on ur lake, clotted in win weather with the 
those early months, |, for one, bad calluses yellow blooms of water lilies and lively with 
replacine: Lie blisters of those first weeks, | spike-hilled northern phalarcopes, becomes a 
had learned] more or less how to hammer, sav shart-lived bul fun skating rink witer the first 
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fall freese. Soon snows mark tt with ever- 
changing nipples of wind arifts 

The dark, chrooping evergrocns Lhat shadow 
the lake's swampy fringes seem as grotesque 
neo thousand witehes in summer But thes 
appear graceful unc sot when skirted by un 
tracked snow in winter, They ure especially 


lovely by moonlight just after a new .anow, 


when each ervetal catches the glow anc spar- 
kles-it back lo me 

The beauty of the wilderness does much to 
reward ws for the unending hard work ol 
mere survival. To keep warm and fuel our 
cookstove, we spend hours cutting and faul- 
ine sledloads and armidpcs of firewood! 

Conking on a Wood range is o challenge, 
since there is no way to gauge heal output 
orecisvly. Baking: needs even temperatures, 
and my oven gets hotter at the left rear corner 
l have to remember to keep turning the cakirs 
of loaves of bread. | diseovererd a pressure 
codker useful in quick-cnoking beans ond 
ment stews; otherwite I would be: stoking 
the steve all diay 

Another time-oocupying chore is hauling 
Water from the lake. In winter we maintain 
i water hole vards out from the lakeshore, 
using un ice chisel to break oway the frozen 
crust that forms each day over (he opening 
perience has taught us to shovel snow on 
top of the skim ice us insulation to keep if 
fram freezing too thick to break eames 

We have also learned to mark the location 
with stakes or spruce boughs Several times 
the bole has been lost beneath drifting snow 
and hacking a Tew one in four-ioot-thick ice 
can take a full clas 

Harlow, by then 5, was plaving oul on the 
loke last winter ancl fell into qur wWiter hole, 
even though it was morked, We beard him 
Scream and rushed out, just in time to ser him 
scrambling trom the hole. Pete 
back to the house by himself, cold anc crying, 
hoping that his misery might teach him to be 
more cureful next time Coreless dealing with 
mature con be fatal In this wilderness. 





et him wilk 


ITH WATER so hard to come by, 
dome the laundry can be sheer 
drudgery. In summer I fine it pleas- 
ant ta spend a morning ut the lake scrubbing 
Lhe clothes, But in winter lake water must be 
hauled to the cabin and ditty water must 
lee Jugend! outside. We wear our clothes as 
lone between washing: as decently posible, 
and | de the dishes anly once o clay, often 
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ALL THE WATER te wie al Hhorrne Hpeent 
be vray by fai from ermine Cake. 
Pete fills @ fer-ealien can from a fel 

In te ttée. Av using the same hole each 
time, we fave to Chisel away only an icy 
crvait, Mount HeAinley, highest! peak on 
ihre Cherie, Geomrreates ite ‘wile. 


BATHING (N A PLASTIC BOAT. Pele vers 
spfowhing elo fro Von. Nome af tas 
PApOY Cue heirs ats Wife? frooey fake fa? 
howe, 2 wie ee ON fifthe a8 posible, 
fenting one fnbfal serve the wire fannly 











She tet miy chores Make me wisi biel hal stew meal corn il 

Ne fo barber choo] 2nd DUCES schoo). Ab I SL pay Cer TIT . We nee one Pood 
though | i aur hie) Tet a (toca his) e moose each vear. Cold weather kh ul 
eve REELS | Lal eee fi Lol ven y LELt trial Lai “Ore? resvl if QUT NUT [PRC LET ia whTTne ee 

ror revert heel chit! eorrie |i rere fry hme 

thé first moose-shiuentering = Ce rie nes In Winter moose mov i ol the Hille int 
Woe £5704 ul niemorol Peta hot thi wl yine SW and wood Sheth We 
LLL a lt it he ty PW TTL LEE TTL Psy eweck UU Piel 2 eae | iy f* THY A aw Ly 

fm fetched me to help with the butchering tering mht in town, One turned up hi 
My job was to hold up the legs while Pete did street where we lived and challenged Peti 
thi Ley lhe re Wen Lewd tt oa Tow Piri ih yh iowa ne with - ric 1 | je | 

Wt tM LATA Deru WAS TL at ra er bee When hihi rT (rock in 

bout three hours inter the job was cone Trigntened the micas aw 
ind Wwe snowshoed hone peu llime OUT Siediad You never can tell what a noose will do 
of meat and ciscussing the unfotzettable oclor thoueh, when a vehicle toinvolverL The! 

mote enttatle I quickly learnén not to be fun, al rent, fotat pointed in your directions 

weaimnish about a bloody moose curcass, pnd DAey Ten Pun Ine Venu, as hapeerned to Ie 
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io Hurris mt. 1 PATO SseCtlon-AouUse SioT 
‘i Hurricane, we would mail our grocers 
order to Anchoragce. When vl wis resucdly, the 
store would broadcust the news over “SNorth- 
Writ, a daily racio program of personal mes- 
oes for people living in the bush. The best 
Witt’ Pol others bo 2. OA boron ii ws; 
Or wind l= Biaso Sie nce Shlerianment 
Cy pai 4) ot The Messages We hear was the one 
that said, “Loon') give grandma any more Sal 
Hepatn L The medicine the do‘tor sent her 


Ab) fh laalive 


We tuned in everv night and when we 


hear, “larocenes for the KF InsoOns lewve 
marrow on the Peedelles thats the slow 
lreaerrit Mie ol ready to bi ai] Tor Hourri ELT bi 


EFUORE the new highway was com- 
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eight hours by tractor and pickup 
a efi STEEP [t ler Leng \a, We (Owed = Let | wy Lit 
our cnowmobile Even a two hills on the n 
turn trip nroved troublesome. Many times we 
Tu to witch the-shec and pull it up by hand 
LICcas)onmuly GuUrmachines bree town anc 
mist be repaired Cine Winter our snowmobile 
engine needed parts and its frame mountic 
FeCuinedd profession tL wi line Wwe clei lect 
the whole family would aece nem the Sw vyy 
mobile frame to Talkeetna, vin Hurricant 
We lett unter caim, clear skies, butin - 
pelow-ter cold, The plan was for me to ski 
in frant of our two does, Chena and Burch 
w he Windle Tee at aT bey with eat ay a orl 
dren bundled inside a sleeping bar A tobog 
can boarded with the snow mobile (rime wae 
hooked on behind the dogslecL Pete would ski 
behind and helo the dows. 
Lmmeciaiely we foun the combined levee! 
co heavy for the animals, 40 we abandoned 
the snowmobile frame and left anyway, to 


uv the engine parts We moved along stench 
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42 aspragus—push up in the melted spots at 
the bases of trees. And the new green of 
birches and alders is intoxicating 

Summer, with the snow pone and long 
hours of light each day, brings o frenzy of 
acuVvity. Pete has spent many long hours 
building cabins with Kent Smith. The men 
felled) the white spruce trees with chain saws. 
and we women helped peel bark off the lows: 

In the summer of 1969 we completed the 
roudside lodge for food service, a washhouse, 
and two lakeside cabins for future tourists, 
all orf lows: 

The summer veretation around the lake is 
surprisingly lush: ferns and waist-high prass, 
brilliant fichsia-colored fireweed, alder trees, 
mixed stands of birch and spruce, fields of 
Alaska cotton grass, and berry bushes of every 
description, Ive made countless jars of jams 
and jellies, juices and svrups, 

Being outdoors all summer, we must fight 
of that scourge of Alaska, the mosquito, 
Curiously, at our Inke the insects aren’) os 
bad as in nearby localities. We have friends 
hving only 275 miles south of us who have to 
wear head nets to get around qutdoors, and 
who just sotomatically “dope wp" with insect 
repellent whenever they set owt from the 
house. We have bad days; though, irstally 
just before a storm 


ANOTHER SUMMER HAZARD) is a 
potential encounter with a black or 


BR grizzly bear. Pete tells apprehensive 
visitors that “bears are only looking for food 
und probably won't bother you.” The word 
profably wasn't too reassuring to my teen-age 
sister, Jeanie, who spent a summer with us 

Pete, the boys, and 1 wert away with the 
dogs; Jewiie stayed behind, reading in front 
of the cabin. 

“AIL of a sudden,” she recalls, “Dlooked wp 
and saw this huge black bear coming toward 
me from the woordshed. You can believe | 
moved fast!" 

In her haste to scurry into the cabin, she 
luled to close the entryway door The bear 
followed her. Jeanie took refuge in the cabin’s 
sleeping loft and Listened to her visitor knock- 
ing about in the front hall. 

Summoning her nerve, she leaned out the 
upstuirs side window ond whistled, hoping 
the bear would be curious and ¢o outside to 
see where the sound came from. Perhaps that 
cicl the tock, for after a period of silence 
Jeame looked out the window again and saw 


Alavton Fomily Robinsean 


the bear digzing about in our compost pile 

She took advantage of the animal's pre- 
occupation to nun for our boat Blueberry and 
row across the lake to the Smiths’ cabin. By 
the time kent returned with a gun to frighten 
the bear away, it was nowhere to be seen. 

We think the bear was the same J00- 
pounder that once pawed a hole in a plustic 
windiw at the Smiths’. Pete says the bear was 
just curious, that we're in his home range and 
should leave him alone. 


| PINTER is the only season we can 
| be sure of being in our wilderness 
, home,stnce to make ends meet Pete 


must seck jobs elsewhere for a part of each 
vear, We wish it were otherwise, but being 
celi-sufficient is impissible—unless one 
chooses te live like the early Eskimo or Induan. 

We must cither be satished with a diet of 
meat, greens, berries, fish, and game birds, or 
we must earn money for such extras as flour, 
ceteals, sugar, and milk. We could spend 
much time sewing clothing of animal hidesor 
do as we do—buy our clothing from the Sal- 
vation Army thrift store in Anchorage, which 
saves time for reading and other self-enrich- 
ing projects. So we compromise! and va 
wherever Pete fids work. 

He has held such varied jobs as weather 
cliserver, park caretaker, and hunting guide. 
He once worked for a lumber company in 
Fairbanks, anol tore recently he was em- 
floved as 4 cahin builder in Palmer. None of 
the jobs would be satishving to Pete as a life- 
work, but all hove been invaluable experi- 
ences. We bave found just $3,000 4 year 
sufficient, barring expensive illnesses. 

Lust spring Pete and five friends, including 
photographer John Metzger, made a two-week 
ski tour near towering Mount Mc Kinley, tray- 
ting up Ruth Glacier and dewn Buckskin 
Glacier. They returned thrilled with the 
scenery and the comradeship of mountain- 
cering, and eager to explore the area further 

Now we feel a ski-lowr business is one pos- 
Sble ond agreeable answer to our money 
problems: Pete would like to build cabins, 
spaceda dav of ski touring apart, where he 
could stock food, sleeping bags, and firewoud 
And this business could be operated from our 
present location at Ermine Lake. 

As for the future, we do, of course, want to 
make some improvements in our lives. One 
major project already has been to build a 
larger, five-room cabin for our growing family 


1 





li is small by city standards, but lo us it seems 
a mansion after three years in our one-room 
home. Pete worked on the building all one 
winter, somchow managing carpentry in be- 
low-zero weather. He often had to shovel 
new-fallen and wind-<drifted snow outoof the 
roofless structure in order to begin putting 
up new rounds of logs. 

We'll like to improve the cabin further by 
the addition of a root cellar, and a well to 
pump water to an indoor sink. Pete is also 
building a wind-powered wenerater from 
junk parts, If it’s successful, we hope to beat 
und light the howse with electricity. Also be- 
ing considered are a greenhouse and an ice- 
house: we will insulate the ice with sawylust 
left, from our cabin building 

Then there is the sauna, already under con- 
struction back in the woods by a creek. The 
sauna, instead of the plactic bout in the living 
room, will give us our baths. 







74 ENERALLY SPEAKING. our life-style 

is simple, mvolving a minimal depend- 
*, JI ence on the benefits of civilization. But, 
when Vin, then LS: months old, was near cheath 
With pneumonin and meningitis last winter, 
we had to seek civilized medical care. 

The sviniploms appeared with frightening 
suddenness, transforming usually loud and 
rend-natured Vin inte un unresponsive, fe- 
verish phantom. That was one time we felt re- 
lieved to have the new road nearby; the heavy 
snow that day would have made landing a 
plane to evacuate Vin impossible. He recov- 
éred completely after massive doses of anti- 
biatics and 26 days of hospital cure. 

Learning to cope with the basics of life has 
given us a sense of direction and substance, 
and we hope our way of life will also teach 
our sons self-sufficiency and cammon sense 
The bows will have an ackdec) benefit of seeing 
how their father spends most of his days, a 
rarity in the rapid pace of life in the 1971s. 
Sadly, though, they miss the companionship 
of other children, We can only hope the gain 
compensates for the lack. 

We have to keep in mind schooling for the 
children. The nearest school ot present is 35 
miles away, tod far to send a snvall child fora 





long day. The state offers correspondence 
courses with teachers assigned to receive 
homework and exams Harlow is now enjov- 
ing kindergarten this way. lt is obvious that 
he misses auton soci contact and such edu- 
cationa) tools as films, so we try to provide 
those kinds of learning experiences whenever 
we visit Anchorage 


PE 1M) NOT FEEL we are socially 
isolated. We get together frequent- 
ly throughout the vear with close 
friends in our valley. In 1971 we decided to 
establish « tradition of gathering all of our 
voung bush friends for Thanksviving at some- 
one’s cabin, That year weall went to the cabin 
of Rick and Kathy Ernst. He's a Peace Corps 
veteran and she holds a master's dewree in 
Chemistry from the University of Alaska 

Skis, snowshoes, o clogsled, ond a snow- 
mobile outside the Eenet cabin revealed how 
guests had traveled from the road two miles 
away, Since the cabin was barely completed, 
the spirit of the whole Thankseiving dinner 
Was moake-clo, 

We improvised plates with cardboard and 
tuminum foil, und put boards over sections 
of upended logs for o table: Kathy and I 
manned the cooking station, producing on 
her wood stove two roust turkeys and a roast 
poos!, When the meal wast ready, we all 
served aurselves, ale cross-legeed on the Aoor, 
and were Indeed glad ta be together (purge 70). 

The warm, cheery atmosphere lingered on 
inte the might as we made the most of this 
rare moment of comradeshipas a croup. Then 
we guests shared the wonderful experience of 
making our way under a full moon in view af 
Mount McKinley back those two miles to our 
wWalting trucks. 

The next dav at Ermine Lake, 55 people 
gatherid for another festival—the wedding 
af George Menard and Betty Ivano. George, 
a past Peace Corps volunteer in Nepal, and 
Betty. a computer programmer for an cil cam- 
pany, had met in Anchorage at a mountain- 
ecring club) meeting. Shortly after that Betty 
became the first Eskimo woman to climb 
Mount Mic kiniey. 

‘(Guests on snowshoes began arriving early 


PEEPHOLE ON A FROSTY WoRLp, our window fromes Harlow, Pete, and Vin. They 
look out onte. a spectacular view of Mount McKinley (following pages). [a that snawy 
fasiness, Pete wants te build overnight cabins and set ap shi tours for visitors, Phu 
we hope to carn the money necessary for year-round living in the wild. 
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National Geographic, January 1973 
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IN THE WONDROUS REALM of Mount 
McAiniey, Pete (above) aad a party of 
our friends (right) seek the future. We 
don) lite ta phink of Alaska ax a “taal 
frontier” but as a “new frontier.” ffs a 
Mace where we find the adventure of 
discovery—the discovery of wha we 
realy are and what te vwiexplived 
rari can. give. 


for the outdoor wedding to tramp down a 
clearing beside the lake. With the tempera- 
ture hovering at Gve below zero anc the 
north wind gusting, the Reverend Dick Vine- 
den kept the simple ceremony brici—reading 
by the light of a lantern as the Alaskan clusk 
closed in around ws. 

Betty, smiling in the fur parka mace by her 
Eskimo mother, warmed our hearts; we kept 
the rest of ourselves warm by huddling close 

The pronouncement that they were bus- 
band and wife was responded to by a kiss on 
George and Betty's part, the thumping ap- 
nlause of mittens, and a few hoots on our part 

Finally, in moonlight so bright we could 
see Lhe Mountain praks, We all trudged back 
across frozen Ermine Lake to Kentand Martha 
Smith's lodgve. There we witnessed the chris- 
tening of tiny Gima, the baby daughter of 
Dave and Sally Johnston. 

When it was all over, we asked Mr Mad- 
den to comment on his day's work 

“OF all the tasks a munister is called on to 
perform," the clergyman said, “none please 
me more than weddings and christenings. It 
isin honor and a jov to do both the same day. 
And I must say,” he added with a smile, “to- 
day I've seen the coldest wedding and the 
warmest hearts!” a 
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Graceful Andean, a vicuna 
shows ite golden fleece at 
sunect. In tts cloud-scraping 
abode this little cousin of 

the camel has few enemies: the 
fox, puma. deg, and moan—the 
deadlicst. Mankind's lust for 
its cilky wel has reduced 

the vicuiia: population—which 
once may have exceeded a 
million—te no mere than 
1§,000, Happily, new 
preserves and laws promise 
to halt the gentle crenture’s 
side toward oblivion 








oh,Wild World 
of the Vicuna 


ARTICLE AND PHOTOGRAPHS BY 
WILLIAM L. FRANKLIN 


(INCE FROZEN DAWN we had huddled in a thatched 
observation shack on the rolling craslands of the 
‘itiplane, two and a half miles above the sea in Peru's 
Andes, I had come (O00 miles to observe the behavior of the 
vicina, that most beautiful and graceful member of the camel 
family, and T had not been disappointed. For hours a family 
group had browsed near us Now, in the bright spring after- 
noon, they acted out before me the seemingly cruel rite upon 
which the survival of their kind depends. 

There were-seven in the group: one male, his harem of 
five, all pregnant, and a lovely female that was almost a vear 
old. No other young were there. As I watched I found out 
why. The voung female was being expelled from the family 
Despite pathetic gestures of supplication, in which she bent 
her knees and arched ber jong neck in total submissiveness. 
hoth parents were rejecting her, Suddenly the male attacked 
her Violently, driving her away from the others 

She ran to a hilltop, stopped to look back at her family, 
now placidhy grazing, then turned and walked away. | fol- 
lowed her until night began its slow uscent of the mountains 
She did not look back again: She never returned. 

Thus the last of the previous year's young was exiled, to 
find refuge in the clan of another male. When the females of 
her family group dropped their ¢rivs, or babies, there would 
be food enough for all in the carefully defined territory ruled 
tw the young female's sire 

Too cold and dry for crops, these high plains today support 
sheep and two domesticated cousins of the camel: the cargo- 
camming llamas and the wool-beuring alpacas. This land has 
ilwavs been the natural habitat of their wild relatives, the 
llamalike guanaco and the dainty white-bibbed, fleet-footed 
vicuna The camel family evolved on the grasslands of North 
America millions of years ago and migrated to Asia and South 
America, Only two species exist outside the New World: the 
two-humper Bactrian camel of central Asia and the familiar 
one-tuimped camel of North Africa and southwest Asin. 

The animals we were watching formed part of a herd that 
inhabits the Pampa tialeras National Vicuha Reserve and 
adjacent ranaelaneds- Peru establisher the 15,000-acre reserve 
in 1960 in an. atiempt lo save these animals, once abundant 
in the centro! \oides and now an endangered species, 
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of hot water ao tt could be coaxed into life 
Always we raced the sun, To record the 
full span of the vicuna’s daily activities, we 
hal te reach our chosen outlook prast belie 
tlaviight. Vicwiias are comimulers, in o sense: 
They bed down and prase in separate areas 
[ wanted to observe them rising from 4! 
near the ridgetops and moving down to the 
valley floorsto feed until late in the day, when 
they returned to their high resting places 
Each morning | parked my jeep beside o 
peripheral rowd (ne romds exist in the reserve 
‘Bel and hiked to one of our tour observa 
tion huts: Scattered clusters. of vicunas, each 
eight 
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croup averaging six to fermates anc 
voune under command of a sinele territorial 
male, crazed the grassy slopes. Long-necked, 
quick-footed, curious, and alert. they are de 
liehtful animals to live among and watch 

Watching was my main occupation, and 
I enjoved) my lonely vigils under the vast 
Andean sky. | recorcdecl the thetails of vicuna 
life—the claily movements thal center on éat 
ing, the aenisonal muting ard giving birth 
Most important, | stuched the fascinating 
social organization of this species, which cle 
penis so atrikingly an the dominance af the 





groun 4 oniv adult male 

One clear, ¢ool February mormme—sunme 
mer. south of the Equator—l-sal perched on 
o knoll at the Achupilla but Feliciano and I 





were silent fecling the serenity of the clan 
Putty clouds drifted across a deep-blue sk» 
The dry ichw grasses rustled in the pampa 
wind. Occasionally | heard the puce-pwre 
trill of a. distant bird 

The blue sky did not deceive us. Summer 
is the rainy season, By noon the clouds would 
l was never without rain 
tear and carted “mage” amulets to protect 
me arainst lightning 

In the Andes lightning is h major pent ft 
weems to hnore the general rule of hitting 
only the high spots, and spares neither man 
nor beast. On the néserve cluring the summers 
of 1970 and “71 we found 20 -vicufins killed 
bv livhtning. In separate strikes, fatal bolts 
hit 7 cows, 18 sheep, 1 llamas, anc a shep- 
herless. Incidentally, if you get hit by light: 
ning and live to tell about it, a sip of vicuna 
blood supposedly willrestore vou to full health, 

My field lunch oftraw carrots, alpaca perky, 
ind salty goat cheese was nearly finished 
when Feliciana and 1 were jolted by a bril- 
liant flash and a mighty clap of thunder. We 
soon discovered that the roof had been ripped 
off the Fortaleza observation post across the 
vallev. Luter, on the wav home, we found the 
ground chutned up around the Fortakesa hut 
as if by a hundred gophers 

Back at headquarters. we received a hers 
welcome Ohir friends there had thought we 


leat out the suh 


Tuil raised to signal loo etilitw, othe patriarch piccucs bachelors that dared tnt robe 
inte bis well-defirved home territory. Racing at perhaps thirty miles an hour, hedrives 


NWatrirre! Caecipre apric fontary FOS 


were al Fortalern, and one of the came quarrels 


an patrol had heared wshepherd exclain, alter 


thie lightning struck: “) Vase feed ef gringo! — 
There went the eninge 

Recorcdiess of the danger. we were eazer to 
get oul among the animals during these rainy 
months. Summer awiukens the pampa, bright- 
ening the crab landscape with ereen erass 
And it is the season for vicufa birth and 
breeding. Some cleven months after mating, 
the female crops her single crin, only afew 
weeks before she mates ELIT 

The hour of birth, T learned, is critical. A 
crin born duro the ufternoon rains pets 
sonked. then chilled bv the cold of nivhi. It 
will usually die. But behavioral adaptation 
protects the population. Nearly all the births 
we observed occurred between eight and ten 





thirty in the mormming 
Newborn Animals Ready to Scamper 


The highland Indians take itas a portent of 
good fortune to witness the birth of-a vicuna. 
The female gives birth standing up and often 
poets rivht on feeding Twas lucky enourh to 
capture and tag a few newly dropped crias, 


butt was never ¢asy. One March morning. 


scconming. the rangeland with binoculars, | 
saw that a female vicunn was givine birth 
three-quarters of a mile away. | dropped m 
notebook and ran. When T reached the seene, 


(he interlopers ffam among his clun of a many 


the mother and her still-stagecring infant 
tuok te their heels and left me stumbling for 
hehine. Inia race, l was no match even fora 
minwies-old vituha, cepectally at 13.000 feet 

Gut even more interesting than the vicuha's 
life ovele ts its structured society, After on 
a few days in the field T begzan to rasan its 
Linas prin ipie Phe ternitonal male controls 
the group with firm ‘ciscinline, He has to, be 
CSS VICUAME Bre amon the very few hoofed 
annmale in the world thit occupy and acti els 
defer mo Wr-Trou nd terntory 

Each family, in effect, was socially jsen- 
lated: Vital activities such a bleeding, sleep 
ing, matine 
itee from interference ly outside animals, 

[twas the mae who chose the living orea 
and established the boundaries ane size of his 


lermtory 





and birth towk place: Virtually 


It was be who decided whether an 
ilult female attempting to join his family 
would be accepted. Ane if a resident female 
tried to leave the Creu, It was the toale whe 
itl ber coor compelled her toe remain. 

territorial males one 
took over the choicest feeding areas, whit, | 


S=Ince Liveir mates 
wondered, became of the eicess mules?’ Ta 
fined out, | followed «a bochelor bane es it laged 
along on the fringes of the family feeding 
Excluded: from terriional gones: these 


all:male groups, asua 
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ly [4 to 25 strong, Con- 


hi nee themeely e- {ia lites desirable lame. 





i eiwht females anc their cris 


He roles the family, determining its membership and leading daily movements 
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lhe vicunas remarkable wav of marking 
and cefeniline thee rivabe preserves seals 
their boundarves: almost as effectively as a 
fence, Aciioining territories fit the vicuna 
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parents bathe and rub an infant's entire budy 
with warm grease extracted from the marrow 
of the vicuna's long leg bones (page 81). An 
expectant mother, with the: same aim, rubs 
her abdomen with the marrow grease: 

Before leaving the Andes, I found evidence 
in centers of civilization that the vicutia’s fu- 
ture is brightening. In La Pax; Bolivin, where 
skins were once sold in great quantities, there 
remoins-only a sparse selection of vicuna rugs, 
sweaters, and bedcovers. These hac gone on 
the market before new laws banning sales be- 
came elective, und belore foreign countries, 
notably the United States ond Britain, hac 
prohibited import of uny vicufin products 

The goods were beautiful, but | found 
them repellent. | couldn't imagine sleeping 
windy under the bedspread 1 saw that was 
made from the hear! skins of 156 crias (page 
1). Virufin wool looks best on vicufiias 


Rancher's Project Wins National Accloim 


Apart from the reduction in poaching ac- 
tivities, there are current attempts to bring 
the vicuno into the economy os the protected 
wool producers they were in Inca times. Per- 
haps the most notable experiment is at the 
Cala Cala vicuta hacienda in the tall-grass 
Peruvian highlands north of Lake Titicaca 
near the Bolivian frontier.” Ite owner, the late 
Don Francisco Parerles, was 1 man of vision. 

Alarmed at the decline m nombers of the 
Once-TMerqus Vvicunas on his sheep and 
cittle ranch, Senor Parecles determined to try 
to raise them in captivity. He vegan with 20 
vicufias in a stone corral Fifty vears later he 
hacl about S00, and o presidential award for 
istinguished service to his country. 

Seeking to increase wool production and 
Create anew national product, Don Francisen 
tried crossbreeding vicunas with alpacas. 
The vicunia’s biennial wool yield is only 1/4 
to 1/2 pound, while the alpaca’s is four to 
six pounds The pace-vicuna combined the 


whee pastes TAF, 004-05, greed 109 of Mfary nel Lam 
rance Reckefeller's report an South Aneericon park de- 
velopmetis, "Parks, Mana, and People,” kn the jinuary 
ben? AUTHINAL GEOGRAPHIC , 

T’Titeaca, Abode of the Sun” by Lule Maren, sap 
paced in the Februar 1971 GeocRaArune, ane “The 
Five Warlde of. Peru,” by Kenneth Fo Weaver, wae 
Dotlished in the Februsry 1004 eae, 


fine quality of vicutia wool and the more 
abundant, longer fibers of plpaca wool. Re- 
search an poco-vicuno breeding continues at 
the National Cameloid Center, between Lake 
Titicaca and Cuzco (map, page 771.7 

Senior Paredes died shortly before my ar- 
rival in Peru, but | was privileged to watch 
the unforgettable vicuwha roundups at Cala 
Cala tsa guest of Sefora Emma Salinas de 
Paredes (pate BO). The small corr) her hus 
band had built had been replaced by a 3,000- 
acre enclosure ringed by smaller paddocks 
Captive, but not domesticated, the vicurias 
were free to roam 


Herd of Hundreds Thunders Inte Corral 


To witness the annual roundup at Cala 
Cala was to crelive the Inca past tn a wild 
fuigeant Of racing animals, whirling «lust, 
cracking whips, and shouting herders. 

bedians bad athered from miles ardune, 
the women in round felt hats ond muiti- 
layered! long skirts, the men in loose-fitting 
pants of heavy wool. Tire-treacd sandals pro- 
tected weathered feet. | 

The vicutias flowed down the hillsides. 
pressed on by the converging human chain. 
Whistles and vells blended with the drum of 
hots, Dust blurred vision and clogzed nas 
trils. Then, ss the last of some 3500) animals 
thundered down the narrowing corridor into 
the holding corral, the gates were closed and 
tallying and sorting begun. 

Later, after a feast of roast jamb, potatoes, 
and cheese, the Inclians kept the night alive 
with dancing and musicthat throbbed through 
the hacienda grounds until dawn To them, 
this annual ¢huco is the happiest of times. 
They lowe the vicuiia and the link with the 
past that the great roundup offers. 

These people, who five in such harmony 
with their harsh environment, have long re- 
sisted change, They. hold to mitny customs 
wad traditions of Inca times. And they, like the 
vicuta, have been victimized by civilization: 
Perhaps that is why they care so deeply for 
this wile) highhund creature, which they vener- 
ate as a legacy from their rent forebears. 

If civilized man con learn to see the vicufia 
through Indian eves, that legacy will be pre- 
served forever. 


Walled in by stones and men, Cala Cala’s vicufias and paco-vituiias funnel into a 
corral to be counted and sorted. Both this minual roundup and the wWlenight fesin 
that follaws recall Inca tracition. They also demonstrate the Indians” bond to an 
inimal that man now gerks to preserve, after centuries of indifference 10 tte survival 
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A SCIENTIST VISITS SOME OF THI WORLD'S OLDEST PEOPLE 





ivery Day Is a Gift 


When You Are Over 100° 


By ALEXANDER LEAF, M.D. 
Photographs by JOHN LAUNOIS 
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Ny THE LITTLE VILLAGE of RKutol, in 
the foothills of the Caucasus Mountains 
_of the southern USSR, lives a sprightly 
loly nomed Khfaf Losurio. She ic ¢mal|— 
not hve feet talt—white-hairedd, and full of 
humor. | visited her one spring morning and 
found her in her garden, surrounded by chil- 
dren, piss, and chickens. I was greeted in 
warm (reoritian fashion, and we toasted each 
other first with vodka and then with wine os 
we talked 

She talked about ber life, the present and 
the pst, about things she remembered, She 
hala lot te tell because her memory was good 
—antl she was more than 130 vers old, 

She told me about her first marriage at are 
16: her husband died during an epidemic 
some twenty vears later, and she married 
again When she was about 50, A-son lives in 
the stone house next to hers. He ts 82 years old. 

She remembered as a recent event the big 
snowfall in 1910: “My son was already an 
adult then, and ] was about 70. The snow wus 
more than two metersaleep, and | helped him 
shovel tt from the roof” 

The present? She was pust back froma visit 
to relatives in o distunt village She simply 
fot on the bus alone and went visiting. She 
had worked on the local collective farm since 
Tt Was formed some 4) vears ago, retiring only 
nm 1270; in the 1940's, when she wis already 
more than 100 vears old, she hac hele the 
record ws the foto's fastest tea-leaf picker. 

As she sat talking, she stoked cigarettes, 


inhaling each puff. She hadl started «smoking 
m 1910, anc has consumed about a puck a 
day for G2 years. 

Asn physician and teacher in a large cen- 
eral hospital, | see many of the medical mis- 
fortunes that befall the elderly, and have 
grown interested in how a healthy, vigorous 
old age can be attained, Today more than 
twenty million Americans are age 65 and 
dlder—nearly 10 percent of our population, 
Yet our understanding of aging is minimal, 
especially in explaining the factors that pro- 
duce o Khfaf Lasuria in one imstance and 
wasting senilitw and sickness in another. 


Villages Where Time Moves Kindly 


There are places in the world where peopic 
are alleged to live much longer and remain 
mare vigorous in ole wee than in most moter 
societies, During the past two vears, taking 
advantaye of o éabbatical and ofsuppert from 
the National Geographic Society, I have vis- 
ited the best Known of these recions, all rela- 
tively remote and mountainous: the Andean 
village of Vileabumba in Eeuuclor, the lane of 
Hunza in the Karakoram Range in Pakistani. 
controlled Kuoshmir, and Abkhazia in the 
eorman Soviet Socialist Republic in the 
sauthern Soviet Union imap, pare 96}— 
where | met Ahfaf Lasuria, oldest of the 
many centenarians | interviewer Other re- 
serch groupe in the three areas generously 
nave me access to their information, some 
representing years of stucly, 


Serene at the summit ofa long life, Khial Lasoria—more than 130 years olrl—watches 
the world from the porch of her home in the Soviet Unien’s Abkhagia, an autonomous 
roputblic m the Gseorgian 3.5.K. She was nodgedl into retirement from her poke a5 a bed 
picker two year eortier, Still active around the house, Mre Lasuria enjoys a little vedka 


before breakfast aod asdaly pack of cearetties. 
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BASTIONS OF LONGEVITY. Viltabamba, Abs hazia 
and Huma coriain uniisially hegh numbers of 
elderly, vigporous people— a phenomenon that oucttes 
ihe curity of qeronbologiats. 
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Clatmecd there: Some could also be supported by the 
number of generations of offspring, and by testimony 
from friends and relatives of similar age. A census 
taken in 197? showed that Vileabamba, with a popu- 
lation of only 819, had nine individuals above the age 
if 100. In the United States, by comparison, the figure 
is about three centenonans per 100,000 population 


Ahemortes Constitute Hunza's Reconts 


In Henza (population 40,000) the dating problem 
was particulurly difficuh Hunzukuts live in high val 
levs near the Ching and Aighamstan boriicrs, so 
remote that their language, Burushaski, bears-no rela 

honship to any other language on earth There is no 
CUFFSIDE REALM. of Hunza, once i written form, so no records extst. In some instances, 
printely itate, today ie part of Paka 
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In short, | was pot oble to confirm exact apes in 
Hung Vet had the definite impression of an unusual 
humber Of Yer Viporius ciel {ilk 1 imberini over the 
gteen slopes that make wo this mountainous tanec. It 
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was the fitness of miny of the elderly rather thant 
Pucif ns | extreme gees Liat impressed me 

Omen The tarecs! number of people above 100 venrs olecl, 
and the best documented, exists In the Caucasus. The 
documentation & due in larue marl to the work ol 
Professor Gy. BE. Pitzkhelouri, hen of the gerontologi 
calcenterin [Thilisi, Geornia. who told me of the meth- 
ccs fie wees to Volidate pres, 
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area of the Soviet Union ties near the border 
and is closed to outsiders. Nerther [| nor any 
other Westerner that | know of has been 
granted permission to interview the man. His 
fragile health, Soviet officials say, prevents 
him from leaving his home village for inter- 
Views elsewh cre. 

Much of my research was done in a region 
within Georgia called Abkhazia. The peoples 
here wre a mixture. The census iclentifies ten 
clhnic groups in uw total population of almost 
half a million. . 

The old people are found in agrarian.set- 
tings; many of the men have worked as 
hunters and shepherds as well as farmers. 
The standard of living is much hither than 
that of Vileabumba or Hunza. 

Since we are composed of what we eat and 
drink, |owas particularly interested in dietary 
habits in my three study areas 

In 196% a nutritional study publisher) by 
the U.S. National Academy of Sciences made 
these recommendations for diet among people 
nbowe: am 35: For males, 2,400 calories, im: 
cluding 635 grams of protein; for females, 
1,700 calories, with 35 erams of protein (28 
crams etjual an ounce), 

In the Unitecl States, though, nearly every- 
ane consumes more, A U.S. Department of 
Agriculture sturdy lists average daily intake 
lor Americans of all ages at 3,300 calories, 
with f00- grams of protein, 1§7 grams of fat, 
and 330 arams af carbohydrate. 


Scont Diet Promotes Long Life? 


By contrast, I found the diets of Vilca- 
bamba and Hunza strikingly similar to each 
other—and substantially lower thanthe U.S 
recommendations. In. a survev of 55. gelult 
males in Hunze, Pakistani outntionimst Dr, S 
Maqseod Ali found an average caloric intake 
of 1,923, with 50 grams of protein, 46 grams 
of fat, and 354 grams of carbohverate. Fur- 
thermore, meat and dairy predicts constitute 
only i percent of the total, The absence 
af pasturelaned makes animal husbandry near- 
ly impossible and the few livestock are usual- 
ly killed for food during the festival season 
in winter, Fats of animal origin are scarce; 
insteadl, oil obtained from apricot seeds is 
generally used for all culinary purposes. 


Dr. Guillermo Velo of Quite found a strik- 
ingly low caloric consumption also among the 
elderly of Vilcabamba. The average daily 
diet provided 1,200 calories. The daily pro- 
tein intuke was 33 to 38 grams, ond of fat 
only 12 to 19 grams; 200 to 260 grams of 
carbohydrate completed the diet, Protein and 
fat again were lorgely of vegetable origin, 
with only sonte 22 grams of protein claily 
from anitnal sources. Neerles< to sav, one 
sees no obesity among the elderly in cither 
Vileahbamba or Hunza; neither were there 
signs of undernutrition. 

The weight of current medical opinion 
would concur that a diet such as described 
for Hunza and Vilcabamba would delay 
development of atherosclerosis—that ts, falty 
deterioration of prterves of the heart 


Georgians Muddle the Myth 


Mia confidence in the importance to health 
and longevity of a low-animal-fat, low-choles- 
terol, low-calorie civt was somewhat shaken, 
however, by eating habits in the Caucasus. 
There Dr. Pitzkbelauri and a colleague, Dr. 
Deh Dzhorbenadze, have studied the dietary 
habits of 1,000 persons above the age of 50, 
inching more than 100 centenarians. The 
old péople consume 1,700 to 1,900 calori¢s 
daily, considerably more than do mast people 
of such advanced age. 

Sixty percent ale a mixed dict of milk, ver 
tiables, meats, ancl fruits, Seventy percent of 
the calories were of vegetable origin and the 
remainder from meat and dairy products. 
Seventy to 90 grams of protein were included 
in the diets. Milk was a main source of pro- 
tein; sour milk and cheese were widely used 
at all meals in all seasons, Georgian cheeses 
are low in fat content, however, so that the 
daily fat intuke was only 40 to 60 grams. 

Bread provides the major source of car- 
bohyerate, In central Greorgia, marvelous flat, 
pointed loaves—two feet long and curled ap- 
ward at one end—are baked in an outside 
even wind stacked, still crisp and warm, on the 
tible: Inthe west we also saw abusta, a boiled, 
unflavorect cornmeal-mush patty. Dipped into 
a variety of sauces spiced with sharp red 
pepper, it is eaten with the fingers. 

(Continued on page 108) 


Indefatigable-at age 117, Gabriel Chapnian carries a pail of miwly harvested 
potatoes home for lunch up an Abkhazian hill that exhausted the author. The 
lifelong farmer continues towork bali aday mthe feld= His prescription for lon- 
aevitvs “Active plivsical work, and a moderate interest in aleohol and the ladies" 
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Hevered as the oldest Hunzukut, 
Tulah Bey, flanked hiv his sons (facing 
pace), claims to be | 10. Dr Leaf reeards 
thi as. approximate, since no written 
records exist in Hunzs. “It ie the fitness 
of many of the elidlerty rather than their 
aes thal pmpresses me,” he says. Pho 
lographer Laundis wos also impressed 
when Bep's-sons, bath in their sixties, 
shouldered heavy cases of his photo gear 
and bourded over the forhieeine Ler- 
rain “like weile mountwin goat=.~ 





Steutely doncer, 94-veat-old Kabul 
Havat beops tome to the recdy wail of an 
oloelike instrument during wedding 
festivities for the crown prince of Hunen 
Inhabitants of the tiny mountain land 
edeem their paged; elderly Huneukuts 
eournsel the mir, or heal of state, daily 
on mutters great and small 


Ls 


Breakfast generolly consists of cheese, 
bread, tea, anc sometimes honey, The usual 
beverage is sour milk with cold water added 
Everv hottsehotd has its vinevard and makes 
its own wine, which is quite dry and drunk 
fresh. The old people consume two to three 
rlasses daily with their meals 

When | visited the centenarians in their 
homes, [ was invariably invited to =tav for 
food und crink. Within minutes the women 
of the householl would have a table buned 
under its Inad of breacl, cucumbers, onions; 
tomatoes, garlic, cheese, roasted and boiled 
chicken, sauces and Spices, boiler! muttan, 
wout's meat, and beef, Fresh fruits and occa- 
shonally pastry or a platter of chocolate 
candies completed the setting 


Feasting Fosters Camaracderie 


Toasts would then be drunk, starting with 
homemade crape “vodka” or a Georgian 
brandy, the first a real firewater and the lat- 
ter the boast of the Georgians. Then the drink 
changed to the local wine, and the toasting 
settled down to a steady pace throughout the 
which would continue for three to 
five hours. 

Every person and every honorable and 
fnendiy sentiment prowided subject for the 
toasts. The tumblers were promptly refilled 
as the old people, urselves, our driver, our 
parents, our children, peace, friendship, ane 
understanding were separotely toaster 

(Ine respectcd member was elected presi- 
dent of the table by acclaim—‘empty your 
rlass if vou approve his election, we were 
tok. He then served as toastmaster. | watched 
with awe as, after proposing a series of toasts, 
the toastmaster might accumulate five tum 
blers of wine, which he would then down os- 
tentatiously in rapid succession 

These festivities hardly seemed consistent 
with the moderate habits [ had been told the 
old people practiced, However, | noted that 
the centenarians often would forgo the vodka, 
and their wineglasses were smaller than those 
af the others. Also, of course, such feasts were 
net a daily event, nor had food always been 
so plentiful 

[ was often told by the old people thal 
“things are much better now.” One Armenian 
in Abkhazia explained: “In Turkey, and when 
we first came here, we had only beans and 
other veretubles to eat, but now we have meal 
and wine every day.” [tis well documented in 
animal expercments that o low-calorie dict 
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ion nn middle and old age 


In Vilcubamba and Hunva the ole) people 
were ferneraly quite slim, but. in Georrin one 
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occasionally saw an overweight centenarian, 
a phenomenon [f would not have thought pos- 
sible. I visiter! Qutieda Jonashian, an obese 
10-year-old Armenian, on a farm near 
Lawiripstit He tokd me, “Tf one i he thy, it Ls 
obligatory to drink one liter [$4 ounces] of 
wine daily, ancl on holidave and-at wedeimes 
lf to 20 tumblers are common.” 

“OMG KYvolzehia of Atara t 107 and vers 
lal When T asked how lone she hard been 
overweleht, she laughed and said 

[ become fat when DT stopped having chil 
iren, For 60 years [have been fat os a barre] 
and all my chilcren ore like me. My mother 
Was fatter, strounmer, and warmer than I” 
| Jearned that her mother hac diel] onl, 
recently—and had been the oldest person in 
that region at the time. These, of course, are 
Lhe exceptions: Gut nevertheless striking to 
this physician who was taught and hus taught 


that obesity is an unmitigated health disaster 





Workacday Vivor Vital to Health 


Whether slim of not, the old people of all 
three cultures share a great deal of physical 
activity. The tracinonal farming and house- 
hole practice: demand heavy work, and male 
and female are all invelved from early child- 
hood to terminal days. Superimposed on the 
We labor invelved m farming '§ t 


nous Terrain, Atmply traversing the hills 
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on foot durine the day's activities sustains a 

high degree of carciovuscular fitness as well in cily dwellers.” Thus, though the old peo 
it fener) muscular tone me ciel have feart altucks, thes epparenitlh, 

Or, David KRakiashyili, a Georginn cardi- were “silent"—neot felt bw the victims 

OlOIBE who has been studving gerontology for The importance of physical activity—ar 
the past 12 years; is convinced that exercise lock of it—to the occurrence of mvocarilial 
Is a Major Teclor in bone vit He has tested Infarction fs lone been suspected bY tine 
the hearts and lings of these old pene Meher) profession, and was even Support by 
using modern investigative fecnniyues, and] a classic study among British posta 
he finds that they hawe all kinds of cardinvas- Those doing desk iohs suffered a hicher in 





Workers. 

CulMr diseases CHinnce of fond mortality from heart attacks 
He asked, “Why do people in the small than cad their more active collearues em 

Mmountiin Ville tolerate myocarcial in loved tn maul delivery 

farction [heart attieck|] much better than thet During mv last few days in Abkhazia, |! 





re I ort r i] amy tt | ; . = oT = | } : 
urbanized relatives?” Cretting no respons bev that one old man from the village of 
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hwsnc ml Khoo was, o usual, spending the summit 





from me, he continued, “The constant p 
BCLIWIty required af them improves cardio months with his herd of goats in the high 
pulmonary function so that the oxyeen supply Whine pastures—altitude 5.000 to 6,000 feet 
to the heart muscle 15 much superior to that nce | was told he was more than 10 vears 


Mio Wathen! Coe rir, fanmary (§O73 


old, 1 decided to visit him there, and to learn 
firsthand the physical exertion involved in his 
daily activities. 

With three companions I set out at dawn 
for the six-hour hike wp the mountain. The 
we were often climbing rather than hiking, 
two of our purty, in fact, gave up and headed 
back downhill. 

At times I felt like following them, but 
finally, about one o'clock, we came out of the 
woods onto a high grassy slope and found 
Roosta Rashiz. who claimed to be- 106 veurs 
ald. He lived with two men and a boy as com- 
panions in a lean-to built of wood saplings 
with a sheet of plastic for the roof and goat- 
sking covering the floor. Their outdoor kitch- 
en congisted of an iron caldron suspended 
from 2 pole over an open fire. In it they cooked 
abusta, which they stirred with a large wood- 
en spoon and ate with red peppers off a board; 
their diet also included cheese (which they 
make), and soured goat's milk, 

Since one of the dropouts on the way up 
the mountain bad been my interpreter, inter- 
reogation of Kosta was difficult, bot Ithink he 
probably is 90 rather than 106. Whichever is 
correct, to be able to spend four months of the 
vear bounding over the hillside from dawn 
till dusk in pursuit of his agile goats seemed 
incredible enough. 

My own elation over getting up to the 
pasturelands was quelled when | was in: 
formed that the old man made the same trek 
in just half the time it had taken me. 


Science Probes Genes for Answers 


Most students of longevity are convinced 
af the importance of genetic factors, [t has 
long been noted that very old individuals hae 
parents who lived to be very old This was 
strikingly brought out when | talked to the 
centenarians. Almost all had at least one 
parent or sibling whe tad lived for more 
than 100 years. 

There is no known gene for longevity; there 
i only the absence of “bad” genes—those 
that increase the risk of fatal eclisense. Thus 
in a small, interrelated community like Vil- 
cabumbea tt seemed pexssible that a few inedi- 
viduals lacking such genes might have been 
the progenitors of an isolated pocket of cen- 
tenarians. The mountainous setting might 
have kept this genetic strain pure—and pre- 
Vented the introduction of “bad” genes. 

In Hunza one t& dealing with a much 


Search for the Glidest Peaple 


larger population and territory. Again, how- 
ever, the olation has been extreme. Although 
the state of Nagir lies immediately adjacent 
to Hunza, there is virtually no intermarriage 
between the two peoples. 
A careful study of the health and longevity 
of people in Nagir and comparison with 
the Hunzukuts would be invaluable. Since 
environmental influences would seem to be 
nearly identical, any significant differences 
might safely be attributed to genetic factors 
Unfortunately, T did not have the time, the 
facilities, or permission to condyct such 
studies in Nagir. | was told repeatedly in 
Hunza, however, that the people of Nagir 
were not so long-lived as the Hunzukuts. 
Driving through Nagir after leaving Hun- 
ra, Lencountered only two 80-vear-old men— 
and they and others repeated all that I had 
heard about the superior health and longevity 
of the Hunzukuts: 


Interest in Opposite Sex Persists 


Tn the Caucasus area, however, any notion 
of mn pure genetic strain is promptly banished 
by the fact that one sees centenarians from 
so many different ethnic groups. I saw Geor- 
gins, Azerbaijanis, Russians, Gseorgian Jews, 
and Armenians all more than 100. Vet here, 
too, despite the diversity of ancestry, I found 
that most of the old people were born of long- 
lived parents. 

An active interest in the opposite sex is 
popularly regarded as the sine qua non of 
vigor and vitality. Although the ovaries. of 
women do age and stop functioning at the 
menopause, usually in the late forties or early 
fifties, this has little effect on libido. In the 
male, too, aging is associated with a-pradual 
decrease in the number of cells in the repro- 
ductive organs. 

Still, sexual potency im the male may per- 
sist to advanced! ole age. In the United States, 
Herman Brotman of the Department of 
Health, Eclucation and Welfare states that 
each wear in America there are some 33,000 
mitnages of persons above age 64, and that 
‘sex as well os companionship and economy 
ire piven as the reasons.” 

Miguel Curpio, age 124, the oldest citizen 
of Vilcabumba, smokes and drinks, and his 
daughter says that he still kes to flirt with 
the girls. According to her, “he was quite a 
ladies’ man m his younger days." Says he, “l 
can't see them too well anymore, but by 
feeling, I can tell if they are women or not.” 
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are not shelved, as occurs in most of our in- 
dustrializerd| societies. Khfaf Lasuria, the 
former tea picker, had retired only two yeurs 
before | met her. When I weked Seliac Butha, 
pee 121, if he was helping in the construction 
of anew house springing up next to his own, 
he responded, “Of course, they cin't do with: 
out me” 

Temur Tarba, a vigorous: horse-riding 
member of the collective farm wt Duripshs, 
had celebrated his hundredth birthday just 
three weeks before my visit. He showed from 
his bearing and happy manner that he felt 
he hod “arrivecL” A tew years earlier he had 
been designated a “Hero of Labor", he was 
awarded this high Soviet honor for his eulti- 
vation of corn. 

He smoted a good deal while I talked to 
him, but he did net inhale. He devotes the 
mornings to picking ten and cultivating 
his garden, “It is best to le a vouth,” Temur 
states, “but Ihave good health, feel well, have 
wonderful children, and T enjoy myself 
greatly now.” He paused a moment in 
thought, and then added, “Every day is a 
gift when vou are over a hundred.” 


Deuth Stalks the No Longer Usefal 


Tosumup; Of the 15,000 persons above the 
age of 80 whom Professor Pitzkhelauri, has 
studied, more than 70 percent continue to be 
very active and more than 60 percent are still 
working. Thev die quickly once they lose wee- 
ful roles In the community, 

Many of the centenarians emphasized the 
importance of being independent and tree to 
do the things they enjoved and wanted to do, 
and of maintaining « plucid state of mind free 
from worry of emotional strain. 

“Now everywhere people con't live so long 
because they don't live a free life,” com- 
mented Sonia Avedzenia of Atara, age 179 
“They worry more and don't do what they 
wint.” Gabriel Chapnian, 117, of Gulbripshi 
expressed a similar thought when told that 
few Americans attain his age. His response: 
“Hmm... too ltterate!” 

Expectation of longevity may alse be im- 
portant. In America the tracitional life-span 
is three score and ten vears. But when we 
asked the young people of Abkhazia how long 


they expected to live, they generally said, “To 
a hundred.” Dr. Georgi Kaprashvili of Grul- 
ripshi confirmed that the public has the notion 
that the normal life-span of man ts 100 years. 
For exagyeration when proposing toasts, they 
may say 300-vears, but everyone expects to be 
100. Are we in the United States perhaps a 
mortalitv-ridden society, programming our 


lives ta a charter existence? 


After my weeks in the Caucasus seeing the 


old people, 1 went to a scientific meeting In 
the city of Kiey in the Ukraine: the 9th 


International Congress of Gerontology. Siu- 
dents of gerontology from 41 countries were 
there—scientists, social workers, physicians, 
and other professionals interested in the 
understanding and core of the elderly. In all, 
they presented 554 reports during the week 
of meelmes. 

came wway with a feeling that very lithe 
that was said there bore much relation to the 
old people J had just seen, Vel there are many 
interesting studies in progress on the nature 
of the aging process and the problems of the 
elderly in soctety. 

Basic questions about longevity are being 
raised and stuclied. 

Is the aging process programmed initially 
inte the genetic maternal of every cell? Ordo, 
say, atmospheric or other noxious environ- 
mental factors damage the chromatin tr the 
cell nucleus throughout life, so that eventually 
the genetic message gets so scrambled the 
cells no longer function normally? 

Narmal connective-tissve cells from human 
embrvos, when transplanted and grown in 
tissue culture, have been found to divice some 
$0 times before they die. If the natural cell di- 
vision is stopped a1 any point by freezing and 
then slarted again by thawing, the cells will 
complete only the remainder of the 50 divi- 
sions and no more. This makes it seem likely 
that the limit of 50 divisions was programmed 
into the nuclear material of the original 
parent cell. 

The relatively carly senescence of the 
ovaries In women, which occurs at the mena- 
pause—often long before other cells and or- 
gans bein to fail—suggests that the ovury ts 


“Oh. ta be LOS again!” One of Vilesbamba's patriarchs at 125, Miguel Carpio 
sits for a haircut. Once a hunter who roamed steep Andean hills, Carpio retired 
from that arducqus pursuit 30 years age and took up farming. “T-would not like to 
be young again,” he said, “but if ] could take 13 ‘yours from my oge—wonderiul!™ 
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Spilling fresh-baked loaves 


nie a basket, Hermetindas Led 
iboats at her jon © i 
tl I l dae! i Wa] 
, al if Te | ink e 
ri id | rns 
Vi "i i ef 
pel | Usk «it mae 
i i ify t Vaal 
ui i | ri el Lil 
re i | i iii Lit | 4 | | 
ig | I Tl ita A 
i in ' Ld ad Fi I 1 
res CN We i] al HT i 
i! HITe= 1 Ti thi wit) 
| PLE | i, F i la | 
Hunri Fe bal mst we 1 I 
cihbambans hod htthe jo tl 
er i theeir ba i : 
1 ri /. | FET i Pow 
i ri'l ! i era"! iT ihe 
| DUS Care il ui i 
Loh Chi | | | 1 
Sek Ll sale] 
chu want to hive | 





repanding to its own Self-contained pein program, ls some critical organ 
af the boty programmed as the pacemaker that sets the tempo of aging? 

While investications and speculations seek an answer to this lundamental 
Queshon, oOtLner screnjngnists have noted Ehuat mc romioeciules thie Ver lourere 
molecules of prowins and nucleic acids—themselyes undergo a protess of 
agine Collagen, the main protein of connective Hissie, constitutes approx 
mately 30 percent of oll human protein. As we grow older, it undergoes o 
conlmudus spontaneows chemicn) chinge—“"cross-linkmng —ihw increases 
its ren uces 1s solubility. Such wa stillening of this important 
structural component of our bodes coultl in turn lead to rigidity of blood 
vessels increased recistance to blood flow, reduced delivery of bliatl bo 
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nourish tissues through such hardened orteries: As o final consequence il 
could cause loss of cells and of fanctlon—the essence of anne 


Seow Theores of Aging Emerge 





. new ares in aging research appears to be openme up from studies of the 
ecilled “immune system” of the body. This system provides antibodies 
penned barteri 0 foreien substances introduced mito our bodies. [ft salar 
miintains a surveillance function that recognizes and destroys abnormal or 
foreign cells: When these functions of the immune system cdimimsh—ias 
occurs with age—the antibodies formed may attack normal body cells and 
destroy them oar reduce thei function, possibly histening the aging process 

Same researchers think rejuvenation of the immune svstem mav be possi 
ble. However, the hope that some mecicme will be discovered that will 
prevent iwing séems very distant to me, certainly until the nature of this 
fundamental Procrs: I rmicdersloor 

It is encouraging that more sup Part Tor research is becominit available rn 
eeveral countries. In the United States, establishment of a National Institute 


on Aging seems imminent: it would give recoenition to the importance of 


this fielcl gnc impetus to further research 

As -T listened to the learned papers goed discussions at the Gerontolom 
Conuress: | often caught myself daydreaming about Abkhazia, I thought at 
the response of Kristina Anuba, age 110 years, when lashed her whe she had 
lived In such good health for oo lone. “1 can't explain in scientific terms,” she 
said, “hut there just seems to be something ‘special in the life here.” Her 
statement is a fair summary of my present undersianding of the problem 

Or l would wonder about Markhu Tarkil, whe walks half a mile downhill 
to. hts daily bath in the river and then ciimbs uphill agam. Surely any dav a 
tan con do this he must be too fit to die, The next clay he repeats this phys 
cal actrey ib und a0 on, day after dav while the vears roll by and at 104 Tarkil 


fs atill much tee fit to cie [] 


Sturdy as his «stall, isd 
Matin Roa, &7, slogs through 
the Eaondorean oore- [rom 
which tre tithes adobe Forts 
wens fe i hie task hve is 
formed hi feel tt increased) 
the ability of tis heart to fuel 
his bud with o¢Vvern. Scie 
tary urbanites can do like 
wise, save Dr Leaf, by m sus 
tanned Terimen of running 
wirmning, or cycling The 
ici, Weel + Looe Leh Pe - 
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ting when he returned hore 
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HILE MEN WALK oan the moon, 
laking giant strides {or mankinel, 
wildlife biologists hke ourselves reap 
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With a giaot Tatar antenna 
Ry FRANK CRAIGHEAD. Jr... Ph.D. But these instruments have limited ranges 
eee ahbeut 100 miles—antd many mysteries ri 
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COLLECTING INFORMATION 
Nimbus passes 700 miles above 
the Yellowstone bear den twice 
4 day. It signals the electronics 
package to transmit data 
Cather en oy Ene pensors For 


3 free-ropgming elk, the research 


team used an instrumented 
collar conawting of a 
TPMBiurIZed antenna and 


a trarnsmitter-retewe;r 
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RELAYING DATA, Nimbus 
Cransmirts its dig rials toa greund 
station at Falrbanka, Alaska 

The satelite than receiver a 
fresh set of instructions far its 
next orbit, Nimbus can carry 
equipment capable of monitoring 
more than 2 hundred weather 
buoys. balloons, migrating 
animale —or bear dens 3 





END PRODUCT, After processing 
at Goddard Space Flight Center 
In Marvland, date from Fairbanks 
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emerges a8 8. comawter Prana 
Fram Goddard, tearm member 
Charles Cote sends the 
information to the Craigheads, 
Adapting space technology 

to aarth's problems, NASA ls 

now surveying sclentinte: 

needs inorder te develop more 
advanced observation systems q 














By JUDITH OLMSTEAD 


Photographs by 
JAMES A. SUGAR 


SL WAYS, IN STHAT COUNTRY, there is 
ane Throughout my two years among 
squthwestern Ethiopia's Dorze people, 
virtually no day passed without a suc- 
cession of lowely melodies. 

I remember taking long walks in mornings 
Vibrant with the singing of young herders 
echoing from hilltop to hilltop as they roamed 
the heights with their goats and sheep ancl 
cows. At harvest time song filled the air while 
reapers advanced in ranks like skirmish lines 
throurh fields of barley And at dusk the 
tirls ind women who hod risen before dawn 
to cut wood in the lowlands mace their wav 
homeward, their heavy burdens lightened 
bar at melo 

This Dorte affinity for music had plaved a 
large part in crawing me to their homelanel 
He part of my work toward-a doctorate in an: 
thropolory. One aspect of mv project was to 
study rural-urban migration in a developing 
economy. For this the Dorge provided ex- 
cellent subjects because their traditional 





Pensive in the midst of activity, a 
Derte girl glances across Ube-moticn- 
blurred market in Bodo District Her 
pedphe—na close-knit minority of 20,000 
in & lapel of 25,000) (Xe——form o Drighe 
lhread in the bhutan fabne of Ethiopia 
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ould huve concentrated on any of several 
other ethnic groups that travel to and from 
Addis Ababa, Ethiopia's capital, in search 
ii} liter tified s eat Batt wre nrencer Tele le 
with music—muotching om lifetinte interest of 
my oWwnh—oromptec. the fink) choice Dhar 
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imbing the ruthed, muddy road, it slith- 
ered and skidded) around an endless succes 
son Of hairan curves. I clutched tlhe coor 
praving that we wouledn') veer over the ecloe 
ind plunge down the sheer mountainsicle 

Aswe bounced along, a passenger | 
ucddressed me over his shoulder, He 
Lmharic, the official language of Ethionia 
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replied in Dorze, “Amartiva erike, pul 
Derce Kala ‘vottar . don't uncderstane Am- 
haric; but I sneaks tle Dorze.” 

My words startled two Dorze men tae 1a a | 


ny me. Veh i nd ofl loOretzner wrod | ear 
local languace and not the national one? 
| explained that IT would he Cnenching twa 
Viedrs with ther people. Dhev nodded polittels 
hut incredulously 
Reaching the Dorve Distnctof Bodo, where 
| planned tu make my home, we stor Pp cl gif 
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the girls of Amara District brushed the grass 
with imaginary brooms, singing, “The women 
of Laka sweep the house all day.” Then, puat- 
ting their hair before make-belicve mirrors, 
they concluded, “But the Amara women make 
themselves beautiful all choy!” 

From all over southern Ethiopia, Dorze 
poured into their homeland for the tradi- 
tional celebration. On Maskal day itself, 
they attited themselves in ostrich feathers, 
leapard skins, lion manes, and vivid textiles 
for the ceremonial dances. 

I plaved a small role in one celebration, All 
the new brides, shy girls in their teens, walked 
in procession through the Bodo marketplace, 
Each wore over her hair, like a white cap, a 
glo of butter, traditional for the ‘occasion 
(page 41) Keassuring wormen relatives 
walked beside the girls. Afterward, older 
women transferred the butter from the girls’ 
heads to the heads of the female relatives. 

One woman beckoned me, a lump of but- 
ter cupped in her palm. “Come closer,” she 
invited. When | did, she smilingly plopped 
the lump on my head. 

“Now,” she proclaimecl, “you're 4 member 
of our clan.” 

For me, it was a proud moment. 


Hungry Housebuilder Proceeds Slowly 


By Octoher—thanks largely to police 
pressure upon Dengo the builder—my house 
was finished, | learned that Dengo's inaltten- 
tion to his work stemmed largely from my 
failure to fulfill a lacal custom. The Dorze 
believe that well-fed builders erect better 
houses; during the period of construction, 
they ply the craftsmen with delicacies, On- 
familiar with Dorge cuisine and unable to 
prepare his favorite dish, oiva kats—ground 
roasted barley cooked in spiced milk and 
thickened with butter—lI had incurred Den- 
o's displessure 

Still, he cid complete the house. To cele- 
brate, | invite] about 150 leading Dorze 
citizens to come and bless my new dwelling 
and attend o feast. 

(in the day preceding the event, | bought a 
big white bull at the market and tethered it 
outside my door, Early the nest morning the 
owner of the land on which my house was 
built slaughtered the animal in the Old 
Testament fashion favored by Ethiopian Or- 
thodox Christians—he threw it to the ground 


and slit its throat. Then he and «a group of 


helpers dreased the carcass. Women arrived 


Ethiopia's Artial Weavers 


carrying clay pots of wheat beer on their backs 
and leit decorated gourds to serve it in. A 
tuxi had transported] 50 loaves of bakery 
bread—a luxury to the Dorge—tromChencha, 
some cheht miles away. 

Shortly after noon the guests began to 
arrive. They blessed me and the house with 
short pilrrases. 

“Let the house bring vou good fortune!" 

“Bear sons’ 

I replied with a word common to both our 
languages; “Amen.” 

My guests ate the meat raw and relaxed on 
the broad green enseté leaves that Td spread 
on the grass. Then I delivered a chort «pecch 
I had prepared in the Dorze language: 

“TL thank all of vou for coming to bless my 
new house. A few months ago I arrived as a 
stranger, now I have many friends.” 

The feast won me a new name 
Miziraino—the one who fed us meat. 


Asho 


Ensete —o Flant of Many Uses 


By now the fields of the Dorze were green 
with barley, soon to turn golden in the Cec- 
tober sun. Harley and ensete comprise the 
staple diet of the Gemu highlands. 

Ensele tentricosim, domesticated only in 
southern Ethiopia, is a remarkably versatile 
plant whose appearunce has given it the nick- 
name “false banana” [ts underground tuber- 
like stem resembles i potato in texture andl. 
to some extent, in taste. Huge leaves up to [5 
feet tall rise from the hase. The thick over- 
lupping leafstulks, cut into small pieces and 
boned, recall cooked celery: Juice from the 
mialure stalks provides a tapiocalike pudding, 
and the fibers are twisted into rope or woven 
into sacks. 

But agriculture no longer interests most 
Dorze men. Until the turn of the century 
they were primarily farmers, fighting petty 
wars now-and then to settle a dispute or to 
capture slaves, They also knew something of 
weaving and trading. Then their land was 
merged into the Ethiopian Empire: As 
imperial troops mace travel safe, many of the 
Dorze forsook their felds to concentrate on 
weaving and trade. Now, for the most part, 
they hire men of neighboring tribes to work 
their lands, emploving themselves more prof- 
Hably at their looms 

In Dorze country, on any sunny dav, you 
can see Weavers at work in the public meadl- 
ows. Many Dorze weavers, however, now live 
in Addis Ababa and other large towns, where 
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they Wholesale their cloth to merchants. Phe 
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Mr they Adve Cay nt! The TAM Producers ol 
the shumema, ihe fine white cotton cloth used 


o make the Ethioman national cress. Bercaus 

thie me oo aha ice ; Nuch ime away from then 
homeland muny of them maintain two 
by es holels, ie. ii the Ut ariel thie othe i i 


the highlands. cach with a wite anc perhups 


ly Aas haba, Bako Ale Kura, the 


bright, enthusiastic head of an tddir, of 


ccli-help assiciation, told me bow Dorze tn 
the capital band logether lo invest tn business 
enterorises, Five men leased an abandoned 
building im Adas, tor example, and mired 
ather Dorte men to operate 19 looms. Th 
weavers turned out hich-quality shams 
ee | them of Lie Premises, eliminating 
the shopkeeper and this profil 

The factory was so successful,” Bahiry 
-aid. “that we have padderi three more bailr|- 
tnizs Sow more than 2700 men work ther 

Huhiry. himself works at home but belongs 

i COE rative thro parla which fi sells tis 
Cloth, “This is the best grrangement of all,’ 
he told me, “Factory owners have to poy the 
ret only a share of the profits 
Ay Ave Eh ae EL ;reRCE Ber, it's [rue hut 


otherwike we get all the profits ourselves 
Gomme Fosters Businesshke Wave 


Dorze have prospered in other businesses 
too, | met Loree owner al small mns, bts 
rooms, and all kinds of shops, both in Actdis 
nnd in the hometat 

What lies béhind the successful transition 
of many of these onetime till farmers pnt 
businessmen? [Two reasons, at least, sugeesi 
themselves, One is the Derze tradition al 
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strikes o man or one of his relatives, he asks a 
diviner to determine the couse. The divinet 
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or cessation of prohibited acts, and the sacri- 
fice of an animyl 

Thus the indivictual feels that his future 
is linked to his present actions, and if he 
makes o mistake, he can tepuir the damage 
Ths wav of thinking fosters active, respon 
sible enterprise 

A second factor underlying Dore succes: 
is a tribal tradition of community responsi- 
bility and cooperation, Throughout my stay, 
I noted how neivhbors continually helped 
each other in ways small wn larce—such as 
the moving of « house (pages 126-7), And each 
district has a kind of town meeting where 





disputes rial cett er orivatelt thy the wevice 
of respected nemghbors are heard and judged 
Wurder and other felontes co directly to the 
Ethiopian police, bat the Dorze themselves 
settle lesser problems that anse in the com 
munity, Elders sit in judgment, and the moa! 


rFeinected of these are the halaed 
Lofty Position Bears High Price 


Selected Gy local leaders, a hulika serves a 
limited term in office bul retains the coveted 
title all his Wie While the honor is ereal, so 
the cost The halaka must spend several 
hundred dollars on feasts anel gifts during the 
nermod of his intinvion 

Here taboo also plays a rele. A candidate 
who refuses the honor (and the coxt) violates 
the rules of come. A man named Tolo te- 
clined the office durme mv stay. To no one 
Surprise, one of his Wives Soon fell sertousl, 
il. Recognizing this as punishment for his 
flouting of gome, he begged the elders to let 
him become a halaka in the following vear 

l met ‘Tolo at the compulsory least he was 
viving for the puretia, a small group of men 
who inherit the tithe and its single proilege— 
that of attending such dinner: 

The banquet started badly, The male 
riesis reyected as too emiall the clay pot that 
would hold the wheal herr. The thuriits 
holaka procuced two somewhat lorger re 
placements. but these the guests alse refused 
“Were not beggars” 

[ followed them into the courtvard and 
watched as Tolo persuaded them to return 
Then he brought forth on enormew five 
foot-hich pot and the diners crunted in salis- 
faction a: Tolo’s female relatives filled it to 
the brim with beer: 

Che guests seemed wungrateful—even 
areedy, | thought. Bulthen | realized thes 


Taek were hitting 2 candidate for office, nat 
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Where weavers unwind: City ways in 

minely trickle into Laorre country, her 
in the form of a neighborhood bivern wher 
a boy hovers in hopes of carning money by 
running errands, A non-Dorre presides 


1 ;. T 
harmant—ai pol Dore women disdain 


Vin Grorrpic, donuary (973 


seh ‘h VW 











Skullcap of butter, smeared tl 


ick ly 
into her hushaned’s clan, When the 


Ver ot hirpele “ hair, Seni tie wer acce plane r 


Taree oie ents, female relatives vie tke 


Ay Le striadiths [cag colle il the ceretriiinial Dutier, VW hit i [ ore WoOMneh &leem o 


a hur ll and skin condithinet 


Bridenapped! Dore bachelar 
Ing girl to the hone of her hweloricl-to-he. teher 


in-laws: Sie wears some of her hest « lat bees 


tage i kidnapping (left) and carry off a shbrick 
the will bedeted by welcoming 


bh event that the ambush was 


no suprise “ihe jovial abductors play their ritual roles with woroncealed 
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in Uncommon practice throurhout the world 

Viterward we marched in a procession to 
the croweled mirketplace, wnod waded right 
through it—atepping over sacks of muize, 
ensete tubers, mies of coffee, and mounds of 
spices. Then we sat down beside the market 
for a final calabash of beer. This market- 
place ritual, called sofe, seemed an appro 
priate rite for a people who have proved so 
adept at commerce 

In Tay jong stay inthe Gemu highlands. | 
naw learned Man Dorze customs One Wis 
the habit of arriving and departing without 
Loril morning, I 
quietiy teft Bodo for the last time. 

Al the “ids Ababa, [ wos 


lnntite So. on a bright 


wT or i 


Ethiopia's Artin! Weavers 


Pith UuMare that the athére will « meds ate oa brittle for Him, ton 


startled to meet my old friend, Bahiru Meku- 
rin, the leader of the Dorze self-help associa 
Lion im the aye al 

“Font néha motane—! have come to see 
vou Off,” he said, crinning. A Gemu highland 
Wt reminded me, requires a host to 





CWetomM 
accompany an honored guest part of the way 
home. Since ne individual in Dorre had been 
my host, he now volunteered for the role in 
the name of the entire tribe 

We chatted over tea until the loudspeaker 
announced my Might [ walked toward the 
plane, Warmed by Bahiru’s thoughtful gesture 

it was atypical Dorze display of kindness. 
n fitting way to enc we Veils ol sticks amone 
these unique and charming people ‘a 
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By MELVIN M. PAYNE, Sc.D. 


PROT, SARIS AL CELL POLE 


HAT WAS Lowes 5. BH. Leakev? A 

pileontologist of an omithologist? 

A zoologist or in anthropologist? 
The curator of a great musewmn ora Kikuyu 
tribesmman of Kenya's green uplands? Author 
of an authoritative book on cat's cradle or a 
renowned handwriting expert? 

The incredible truth is that he was all 
these—and more 

To the chief of his tribe; Komanege, he was 
“the black man with a white face." 

To Dr Leonard Carmichael, former Sec- 
retary of the Smithsonian Institution and 
presently the National Geographic Society's 
Viee Presicent for Research and Exploration, 
be was “the Darwin of human. prehistory.” 

To me he was a beloved frientt—a power- 
ful, brilliant, bulking man who dechcaterd his 
life to pushing back the horieons of the prast, 
no muiitter the cost to his health. Science— 
and the world—are poorer for his death in 
London on October 1, 1972, at 69, 

Alone among tocd's creatures, man at- 
tempts to explore his past. Lows Leakey 
sought nothing less than our ultimate truly 
human pncestor—that creature who was no 
longer ape but carly man, who through long 
millenniums acquired upright posture and, 
obove all, invented language. 

Horn in Kenya on August 7, 1903, to an 
English mistionary couple, Louts grew up 
with the Kikuvu tribesmen his parents sought 
to convert Like his African playmates, he 
learned to throw his spear through a rolling 
hoop and to stalk small game stealthily 
enough to touch his quarry. At 13 he be- 
came a Kikuyu warrior, never to cieclose his 


Joy of discovery lights the face of Dr. Louis-5. 
Bo loewkey as he disphivs a fossilized elephant 
tooth on hus hat andl the broken molar of on ex- 
tact tlephantike dinethertum. unearthed in 
Tiatizanta: Ais fines brilliantly rewrote the his- 
tory of man ond ancent African animals 


tL OL ee See 


initiation rites; he died an elder of the tribe. 

The imprint of this unusual boyhood never 
left Louis. Throughout his life, he once told 
me, he frequently thowght in Kikuyu. The 
tribal traits of patience and observation, he 
maintained, contributed much to his success 
5 a fossil hunter. He wrote » grammar of the 
Kikuyu language, and a monumental three- 
Volume treatise on his tribe. 

After taking his dezree at Cambridge, Louis 
decided to seek the remains of early man in 
East Africa. His university advisers coun- 
seled him to dig in the Near East instead. 

Fortunately, Louis stubbornly forged 
ahead. His astonishing fossil discoveries, and 
those of his wife, Dr. Mary Leakey—herself 
a distinguished prehistorian—have revolu- 
Honized our concept of man's development. 
Only recently scientists reckoned. that the 
minus Home had existed for perhaps half a 
million veors. Lowis ancl Mary put the figure 
at a minimum of two million years. Thanks 
to their work, Fast Africa has: become the 
focal point in the study of man's origins. 


Three Deegdes of Toil Rewarded 


The Leakevs’ major ciscoveries have come 
from Tanzania's Qduvai Gorge, a weathered, 
fassil-lacen gash im the African plain. Ex- 
pending their own resources, they scratched 
ant probed at Olduvai in quest of early man 
for nearly three decades—but found only 
animal remains. Then, on July 17,1959, Mary 
came upon part of a skull and two teeth. The 
fossil proved tobe #injanthrapus, a 1,750,000- 
year-old australopithecine, or neéar-mian. 

“What exasperated us both m those years 
at Olduvai,” Mary Leakey recalls, “wasn't 
the heat or the living conditions. Rather it 
was knowing that revolutionary fossils were 
there for the finding, and that we hadn't the 
money for a decent campaign of excavation,” 

Support came from. the National Geo- 
graphic Society beginning in 1960, and it 
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continues today. Louis once told me that the 
Soctetw ss @arly grants enabled them to we 
complish more al Olduvai in two years than 
they had in the preceding thirth 

In 1980) Lawis and Mary aneartherd 1.5- 
million-vear-old skull fraements of Home. ha 
bilis, Louis identified this “man with abilite” 
as 4 taal maker 

Inevitably Lewis's discoveries—or, more 
precisely, the conclusions he drew from them 

came under fite from some mcademic quar 
ters. He relished challenge, and | recall how 
he met it—with a typical crinkly smile abou! 
his eves. Just as inevitably, the controversies 
proved enlightening 

A charismatic teacher, Louis inspired Jane 
vin Lawick-(oodall to undertake o study of 
wild Chimpansees Her starthne fhineines, 
reported in your Society's journal, disclosed 
that these supposed vegetarians not only hunt 
and eat small came, but also fashion simple 
‘artners in probing the ¢istunt pact, Lalts and igals. A continuing study by Dian Fossev of 
Miary Leakev cxamine a hatful of fossiis: Marv's enother:- of tn’: vos relatives. the chy. ens 
dangered mountain ort 
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Louis's tutelage 
? 6-million-vear-old Man? 


Lo Whary Leakey 26 ¢Carrvine on the work. of 
Olduvet And for the past five years their son 
Richard has been working on the isolate 
eastern shore of Kenva's Lake Rudolf. His 
curly explorations revealed stone tools ante 
Coating the oldest fountl of Oleduvai by 
550,000 years: So rich is the Lake Rudolf site 
that it has already produced {the remains of 
Mare than mal} eirrinrpels 

This past August, Bernard Nveneo, a Ken- 
yan member of- Richard's expedition, found 
an extraordinary skull, splintered mta hut- 
dreds af fragments: In remarks prepared for 
delivery at a scientific meeting in London on 
November & 1972, Richard described) the 
fost] aa “almost certainly the oldest complete 
skull of curly man.” His estimate of its age 
i breathtaking 7.6 million yeurs. 
| It is reassuring to know thal the vital work 
re sali In East Afnmea will contmue under Mary 
antl Richard with the characteristic Leakey 
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olave a skull found in 1972 neor Kenva’s Lake “Visor atl brilliance. Yet all whe have Known 

Rudoll He belevess UH to be that of a 20 million Louis Leakey will deeply miss this truls 

‘oorold member of the genius Home Protein man, a 
Tour Sochety wae Lin Leakey « Treat Dili eiipefeerter Por b> Vetere anid pew 


a pcinci enonsor of the carlhs-man teseurch being corned forward by De Mary 1) Leakey anil 
Hichord Ko Leakbes. The LS, A, Leikev Fouinchatices hoe alee been a substantia Gomlritsitas 
to Uhese important protects andl would welrome contributions a2 0 living memonal ti 


t , , m = : i 5 | z 
LT Leia Ti furtherance if Hara ae . Wits Such wilts Lr ta eberisctats be i] r Teel bad i| a Seri 


i oS #. feekey Foundottow, 1700 Gleedon Atwnus, Sule T4244, for Angeles, Califoria Ott 


144 


SOC 
PHRASE CBS TRLEVIStis STATIONS 


WAP STRAAGE LCAREATURES (FF TU 
iS SINT OM 


Strange Creatures of the Night 





alahiasid teiesane Kania Cy wc nh ene REVEAL THEIR SECRETS TO DR. ALVIN NOVICK AND 
ji grec Ciena Sven y | ircaeaPa ht Wak «| thw bea: rast OTHER SCIENTISTS IN A NEW TV DOCUMENTARY 
tik Gib Pala ; ‘ i i i ‘ . - 
t | © | 4 ; fi } Terai Ai SEE | he COLOR 
= | WEDNESDAY, JANUARY 17 


ifs jist] Lith Bip cee aed ee vi 
1 
LE det | { mua Mila WY La Ii | LiL] i] | Lhe ] 
—_ i 7 T . = ote q ir. 4 Thea 
paca ec] Lit | 1]. [| i a ie. fi | i | | ] PF 1 Hat 
I 
mil | Wu rl | iT] Leo i el ee eee tt tt 
| 
' i i i ‘ rr 
et | riti chi chy cea ‘iia i i jus | Ji iL : pial 1 


PALES CEO LT TELL] LIE ee qi |! Li | rey ote htt | 





L | 
| i | i yh, | F tig | I | tl ‘| 
j Laat) iy 4 ipjts ji jdt | Lina] 1 
rd tl oof | Lbel i | tit Pht Ls til 
Lat |! Teoyt Lived | | 
Ve | j 1] | rel] | We i I 1 
1 I 1 
(ia {r] | | tt ! 1 
| pipers ee a til J crt 
a 
rj yauyn| i jue ta NIL ea] | Mi] 
vith [rari | i » ANT iy | yiby Pie 
j i i 14 we j i i i || PULL TL at Li boas Li 
' 
1 | i hy i i | I 
I] bel | | | | Li | | | Ll | 





Wystu Aq dA] ASU]. 


NATIONAL 
GEOGRAPHIC 
SOCIETY 


WASHONG FURS, Ed, 


Fe arte “fo fee increnie anal 
af ceographic Anawieige™ 
CIULRERT HOV EY GHOSVENOR 


Palin, PPV: Peril, Mat 
CR af pie Baupey Ja fore 





Hi Natiiisas, Tiare SOT od chererei! ji Washengen, bho im 
gine eth ihe hee ee he Laid Stan, ee tia ecoctitille mr 
Hiker via ales fiat ieteenp atl wilting jase Tar LinWhalge al 
PatiMing areal wtal w agternl cing Sir 1A ie Soy he ant Pope T Ta Bt 
rape alate afl tear price, melalingi jerifetatinoectr al 1 jes hwiedue 
i@ cath, wu, anil aby. Ue deffo et bhirsnigs\ irs mrvapilety jleernial, ie: 
Thea Gincnn arin, nwere haa VW) milli eagre ilatintiinrsl each een) ik Par Plc, 
uli, lanes. ceed Bilinvetragra; MO Sectiewcal Wluallectoryy eat i cadar; [relent eee 
hie 1 ieee, Madi, aml pete yianin, Techie tegen, eahibte from wef the 
mel bn Faplerers Mall, anil « atniiveik sere ol i eGo 
PL iri ail artis. pth aatte Tied biery, an epee te fer places 
re Geet. Por mater! teed, peace monmenereiion 9 made 


MELVIN Af, PANE. |Ssewdited 
HOMERED ECV, Vace Meese’ agul serge 
LAW ARO CARMA AEL. Vice Prevalent fey feecerch bagiliiraelien 
an CILAEN) S GRUAV ENC, Vice jresiules 
THOMAS M-HEBRS, Vice Presdcnt une Avenviate Secretary 
Hi. LEARY b. HOSKINSON, Treasurer 
OWES & ANDERSON, WILLIAM T. BELL 


LEON ABD I GRANT, W 


ALA ACE 


¢ WERRSDS SANDERS. Astincute Secretaries 


BOARD OF TRUSTEES 
MELVILLE BELL ORES VPN 
Chooman of the aed aed Valiant hed 


‘VHHIS AS WW ARR Adwvisery (hoi. of the Boon 


LEONARD AK MACH ALRL. Fsiner 


hecrecery. Saruhan | nadisuchin 
LCA BLT, Piven, 
Cicorpe Wuohiagion Lineeersoty 
CBAYWFON HW. GEFENFYALT 
(haireen, Finance € omeniliar. 

FL), du Poet da Menteur 4 0 corttqmry 
COLBERT M CARLA Poe 
Fide, Sunil Ceenyiehic 

ARTHD A fi: HASSOS, Goneml 
Comet. Stoional Geographic Sincety 
CARVE FO RASKISS:. Kerem 
Priesdbe nit, C mrmeae brie Munir 

al Weshengiin 

CARLISLE i, WU MELSINE 
Present, Phe Cidtonia) Willian Pore 
i sundurioes 

Cues FE. Lae MAS. Aiewaar 4d hiel 
“Pf Sheff. 4S Ae Boze 

HK: BASIGORLFH ATA oS 
Former Vice Presufen|, Asner 
Telepheine & Telicgrapte © asm puaty 
Wh SOC HMESS EY MARTIN, FR 
Fiennr Caer, Tard if 
Gang. Peder! Keeerec System 
RES AMIN A MiokEL Way 
hammer Gia, Waahingion tine 
MELV URS fl PAY SOR, Prerakiene, 
Baaticnmnad (egemplic: Sak mrt 


LAU BASLE & BHOCKFFELLER 
Pstsikesi. Kockaedellar Hrvitvers Pure 
CORRE, OC. SRAMASSS, IU, 
Secretary of ie Ade Parer 
HAE TRUE. Hamre 
Chantmne of ihe Teeoril. 

Pon Amon World Ase 
FREBDFRICK (. WORM MC 
Firmer Fditw, Suniel Ciengraphic 
JANES Hi, WAKELIS, IM. Former 
Avsistomt Secretary of Cimmerce 
ior Scimnce ond Teshnolres 

BARL WARRES, Former 

(ie dueatoe ol thee Lone Sits 
(AMEX E, WERE, Forni 
Ahenininettad ier Saalicrial Avctiabrigii lion 
ml See Addinenirtry bare 

ALES AN LER WETMORE 
Biecarch Astin, 

Senihaanian dsstitoiaws 

LLoyD WSR iP merans 
Honorary Hoard € hairpean, 
thence a Pb: 

Tolepinie t oenpuny 

CONRAD Lo WRT: Patter 
Mirecter, Matera! Port. Service 


LOU Wc), Pemar 
Hirechar, Friget Stkersgnade 
Larry 


COMMITTEE FOR RESEARCH AND EXPLORATION 


LEDIAARD CARMA ALL. © turin 
ALEXASDER WETHAPKE aul MELVIN M PAY SRE. Vice Charmen 
LiL WERT A Ca CES oN, MEI WELLE WELL. CHAOS ENOR, 
CARYL | HASKINGS: THOMAS Wo WeRNEW, T DALE STEWART, 
Riricel. Auntirpotgtsi Emerines Semithvenian Ieainiwe, SA rHew 
W. STARLING, Rescorch Adeeosid, Smithenmen bettie, AMER H 
WEERELIN Jk. FRANK CFC WHITMOWE JE, Beseotch Genin, VS 
Ggolugical §urews, CONRAD L. WIRTH, FREDDRICK (1. VOSRLUMOH. 
am! PAL A PAUL: VhAkERY © ARO, Secomery em loo, EDN 
We. SN LE, Scents: 


Aguatant Secnemane: of ihe eciet: 
PRARE 4S, DELLA. AGE bh HowiAs 
RAYMOND TT. Mic EEO T, JR. EDs WW SSID 
Aatitom Tresimer WARD & FHELPS 


Leonurd J. Ginent. Editorial Aweistent 1 the Preident. Bilein W. Seidler, Bich 

{ Aran, Adminitrative Aisivets te die Present; dobih S, Dison, Ad 

ministrative Avian te the Chorin aed Eidticriat biel) Lenore W, Kiresler, 
dulminisirutivw. Awisatant joihe Advisory Choneman of the Beil 


SCOT ARTS STAR dderrinitive: Eael Corliss. WW Harriet Cures, Proderich | 

Ciake. virvonmig: dep HL Giivans, Cieorpe PT, Poggi. Alfred, Mae. Welliane Co. 
Mictihex. Martha Aen Whee. Vrurintirs- Then MM. Rent Pore! ond Metire- 
event? Phoogeed AL Minis huge Aer Lo Winton Deeeoeliy L. Dermerien 
(Assistasia | Maer 2PM bean Thentas: L. Fietcleer, Mieke Ch. 
Cates, Sheila NM frremel- Mi dopo Mecroor sh! Charks T. Kincwhtied Mrautiyr- 
abe Police: Gomees §. Rebinsie, Ped A Dyber, Pener F. Woeehs, Comynupes 
Ceter Lewis Po Liew, Boomeifion: Bobet UL Bact, Pawnee Windiim, John ® 
hilpalie, Ponting: fee 41. fearkeit. Frank 7. CMivesrhes. Feaduc flim Centra, James 
F Pertoune!, hires Bh. Slahem, Aditan |. Life dr. Clone 0). epperroin, 
ea E Saiclait; Lfedicigl: Tees b PRarinith, M  Pietiadigtiion® sth uy 
Antti =e 


COVER: Vi2orous 2 aaieraaa #7, stil] toils strenuously 
every das (pages 118-19) 


POOMMALTEM. GhEt Ciaeoe OF aE RL TORE BOTH 0 WHOCLWENED COPIER 10 
HAT. GEOG RA MAAS GTR AAD Te oe, Bee he. 8. &. pode 


SSH Gee, ea ea 


UADFIAN OFFICE, YW. Fdbeen! Hescher (Aescaaiu 


NATIONAL GEOGRAPHIC | MAGAZIN 
MELVILLE BELL GROSVENOR Edin in-Chief and Mound Chairman 
MELVIN M. PAYNE Presidemt of the Saciety 

GILBERT M. GROSVENOR Filiicr 

FRANC SHOW, JOHN SCOFIELD Avweratnate Filelun 












Pines C. Fister. be. Kemneth Moclorish. Reber b.. Cinty, WOR Gaerril 
1 dior; dulve W. Betlenl, Andoew AL Wren, Jun Cerruid, Failwand 
Thin Cwolve Renee Funenen, bowel Walker, Kenneth F, Weer 
Aetuir diye ectneg thou Debs sagt 4: ESiie, Maree ieee. Wease Conw, irs 
hice, Puch! To kere. Sarl Wy, 
Maries. Rae No sree "Nha, Puta. Ceanden Wing: Senin Seen ae: 
Fi i} 
Fersiga Editorial Sag) Louie Slerdett (Chief Thieeias Fo Abercrombie, Duel 
%: Deryur. Huard ta Fup, Walken WentertPever T. We Liter 
Edienal Shnirees Ar fuerst [iri (PL, Thirtias V, Conkew (oistees dhe tit Fite 
ba, Mike: Edwards, Mixed rove. Albce J. Pell, Wetmer Janney, 
Michael! £. Leag, John L. Metnienh, ERmubrit A. Moire, (Ethel AS 
Eiditerial Lirpeut: Hereard E. Fuse (Chef): Chats CIA 
page HerrmysiAt wre ontbabt As Pees V) Manch » Lian 
Willian 1 Demi, Jivhn W: mare e, Magia, Rocdbser 
nro iced MI Seruther, Cacnearapltc detints: Vietar 0 Kellty. Soepaky 
Renewerth- Melman hp tab cctiyr abhi ary Rate Gouge 
W. Besity, Joke 0, Cured, Joon 1. MecCrinville, Deorethy A. Sichodaien, Frame 
Ciriae (Producten Kiarte Lo Bornes (Aahonnietrutree Avesttemt) 
Merarchk: Marq GC. Medeor (Cied), Ann K. Weeutt (Assncire Ohiely 
Mewion W. Diskveles | Avaitane Cheef tie Checgrephic Lidfeurmation th € apsal ym 
Al. Apwferwen, Ace M4. ths wher, Betio koe Gow. jan Molibersrns, eae 
Lane, Lesenia Loder, Fomces Ho Parker. Corresaiedimee: Corvlyn F 
Cheeni, (differ R. Gulia 


Lihrarys Wirgcoua Carter Hilts iL ibrurtamt; Prtricig Murpary ‘Sonith ¢ Assintuat 
Librciani, Miele lames, Lowiae A. Robina. eather Aven ‘luni 


(Librariia boneritua) 
pele teat eae mon fo co the Vidioers Virgie 
H. Fincegam, Winitiedt ha Madey Mell, inex 0, Wilicinean «Editorial 


see [Binoy ML. Copan bodenes)) Kowal: BR Stiliemd, baopiad ‘Alinl- 
{Filew}; feetyn Fus, Thidees Kennedy (Trompe braene & 


SOIREE StRb ges Fits: Vierpert %, Walmun, Jr, secure 
Tifopanneinlivans Eauljtie Thames K kaw, ay alin Amderw 

peveee nea mitra ple gy Aber y Coniewandd Selb. 1. 0 cols Mir THA 
Charleen Murphy. Roberts. Paes Leront ded Prmfiecten Paton 
wast gt pari Fallin: rer ee Rive ve Mecibes ‘Ete Ss 
Baers Allen Herpre. Jon ) Seherebenper. eae a Sprnirmanim. 
A Sth fara Crain L.. Fern Tkarne 

Ber J. Andetla (Chie; Jobe Metcotie, William W, 


T STAFF) Director of Phengraphys Heaert E. Cillian dandytpint 
birch n J. Schetochel Phovigrepiores: dames L 
Ares, Jemes P. Wait, Bruce | . Che, Darron Th, Gorden W, Gite, 
Otis Unbeolyen krestel. Dates Littlehobes, Gearge F. MM eet 
S Oskes, Wintichl Rebert F. Sraon iNuira Scenes, 


CLIC Phosoreanth tantra foby Etter gh Sot oes 
Por earache Walter Menyer Pilwmds (Chief, 


me ‘ait M4. Slereler (Chiefy; Mater A Peri 
ale Cheat) Herbert Altenus, Jr, Died HL OChamnan, Laiareeme ete 
(Ansiatand C tenet, Phcsorypetpeapti (ade 2 Pete, J Pram Pytes, de 
Donald fF Stemipes: Caurge WV. White 
ign T.Peey Cie Dav ‘Cok (Anaiatent Chief 
nan! Hed Burtdull, Chores F. Cone, Ted Dacitier. 
oe ener Waa Fol Roserlh. Pois, Bichon &, Farms, Charles 
Ween Gettharih, by, Catherine M. Hort, Darnall A. tray le! Y. Lae 
nan a Hallion. Mantel O. Kogetowiee, Chavon LL Desk LL. 
W.. Northing. Richard Ko Rogers, iF Si ‘Churles L 
ea team Al Sirurthel, A. Steen (Archentagy 1, Tibor i. Tithe, 











a 


fe 


Theses A Well, Thora A. We 


Aeois;s Merle Severy (Chief), Shewiniat LL. Fishtels LAssscant Chief), Tho 
as B. Alles. ine Benmett, (horles {, Hyman, Amar Ohrues Kole, Dvd F. 
Robinson, Withalm i. hake, Verie (er Sanit 

Robert 1... Areeden (heel 


Peblvanone ana £dupedeno 
Holt, Dawid &. Uridge, | ina 


] 2 Cramy tAsst, Chef, Amephine 
-termong ream Cann. Jobanna ti Forren, bbonald Pinher, Mf 
Harel, Margerrt Mckelway fol, Cieruldine Linder, Robert Hi 
Cynthia Kamay, Prllip th Sect, dueeph A. Taney 

Rerandéag itrissa: Jobo Me Lavery (Chef), Mary O'Connell 


‘Mulletent: Arthur PF. AMifier, Jr. (Awiatant ‘Chief and AA SbChet Editor Mr 
School Bidleten), Joseph i.. Ghodwia, fen jean Hurt, Chale: A. Shou. 
denis Kagdeer Whieut 
New Serie: Winds Fo Both (Chie, Poul Somes (Auatstent Chiet), 
auiedes Frederc’, Wihiom 1 0" Wedll, Mobert ( Radiilfe: juahel Clarke 
Telremiee: Denis A Rane it heet), Divi Cooper, Corl 6. Harmer dr, 
Secs Matt, Patrica F. Seciheop CAdminitralive Avestanti, Marorie Ml. 
Mocmey |Research 

anne 44, Deese (ictael); Mebert i. Fiecgel, Mary 6, Ac: Kinney. 

L. Witey, Carl i. Fiebo 

on WHY BES 


Rapiorert Halt: 7. Keilor Bentley (CurtemDinrciet) 
Jennifer Moceley | Assieterd |. 4d Curr Place. May 
Exngiaend 
oe Wink. BY. | 


ADVERTISING: flinreior: Willen A, Heeger, tr, Mand 
er. Willian Turgeon. 1251 Ave, af the Amjericna, 





pie ck ‘Wallace. Cremudit: eahatt Wi Flecear Manes er sdehourediee ine 


F. Grant, New Yori. Marvell Gerald A. “an Sphanter, New Vork, Jarernatiuae 


Wf Dievrter? Joes 1 Ti Mew York Koroprun Eitpeaer: Rinchard V Mary. 


‘Eoeymianr = Tore marion Huse, Frapiiee titek: FM. Pusey, & 






Pegi on rin 

Srrmsren te Ws-k. urenrs Fy eREASOOS Xs FTO 

We usa GOCGNE Sans Roiask Ri Af my rinse 
TAD PEER TAT eye 


- I, ANE 
£5 BY U. A Am FOREIGN OPA YEAR. 8! A COPr. 


i 











The 1973 Ford Country Squire. 
Now there are more reasons than ever 
to make it your next wagon. 


When it comes to wagons, nobody swings [ike Ford. 


FORD WAGONS 


FORD DIVISION © 


How to get the 








Buying Stereo con be confusing. 

One friend says you have to spend a mink, Anoter 
tells you about a “special” bargain on a foreign-made 
get, And overly enthusiastic salesmen might just 
Conlise Vou We ERP il | ke nls ol doce! ApS 

Well. fact is you de hare 16 Krew ft litthée bot about 
verco to make sure you fe getting te midst music fot 
your money, But you don) have to be an engineer 
Oreven a but. Just an intelligent shopper armed with 
a few basic wes. 


9 here thes sre 





Start with the Receiver 


, Pci vil mls syvotem stars wit h A Poe Sere 


rece ver. (A stereo receiver 4a comhmation of a 
verco amplifier and AM) FM) FM stereo tuner.) 50 
that's a logical place to begin your buying 

But picking the right recerver is no picoic. Becatise 
receivers DY Themselves Jon lide a thing you cain see 
or hewr. They just recerve tiny sound impulses fran 
i Fecore Lip¢,. of rivclix Kotor. Magni ihe mill bene 


of tumes, with as litte distortion as possible, and drive 
the epepkers with the magnified jmpulse 

All of which means that two of the most important 
things to look for in receiwers are how much 
Historian takes place and how much power there 1% 
to drive ihe speakers 

Distortion ratings (called T.HD.) are simple. The 


lower the number the better. For caumple, Sy) vama 


receivers CR2742 and CR2742 both have o rating oa 
Li 45 at Tull Power output, whieh ts comridered gov, 


Power is a bit more complicated. [here are several 


kitids of ratings, But the one that counts the 





continucus of RMS rating. Here the higher the 
miuniher, the mor Power VO have todrive ape k cr’ 
A recerver like the Sylvania CRZ 4c, ith 4 
continudus power rating of 25 wills per-channcl, can 
easily drive tour big speakers. If you want an even 
larger system, with speakers all over the hewise, the 
Sviwantin CRI7435 cain handle them With & Continous 
power rating of 50 walts per channel 1 you cant pel 
1 CORDS Powe! Paine. oe Si ee 

The next things lo check pre the features, A good 
gleren recerrver should have solid-siale qreimirs 
Ficld Bflect Transistors (FETs), and ceramic filters 
Wie won) eco inte their technical functions here, bul 
me sire To look for (hein While ahh iri Cheats 
receivers Will have them, 

Your receiver should also have a full-function jack 
cane! (like the one on the hack of the Sviwanis 
CRI743 chown below) that allows vou to add extra 
spcukers, Lape cecKks, ACIUpPhones, OF other 
equipment. And make sure there's built-in capability 
lo adapt the pew quadriphonic sound systems in case 
VOU Want io expand in thal direchon 

Every Svlvunia recerver, forexample, has built-in 
Phase O4 maitre four-channel crourry to enhance 
ordinary two-channel stereo. This gives the effect of 
four-channel soul in oto, Vou can pet frie 
fidistrete) four-chennel sound sintoly by adding our 
special new DMQ2754W quadraphontie converter 
| And of cotitse in both Guise vou need (wo extra 
Moers 

Finally, check-the price: As a Bite, the Sylvania 
i ae oe, wwes Vou OU wots te fis] Shy ALS nrc all 
the rest for $190.95." The CR2745 gives vou all that 
and | (4) watts total continuous for $279.95" Sone 
miter what orand vou Choose, MaKe sure Vou Pel 


‘ J ' 
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Onward to the Speakers 


Lhe technical stuffs oul of the wa 


Ow Comes [he Tim part 





| he ae Hh uk 4 on | Hibs 
Pea kers | to pate fi | {ii (hem 





Compare the ditterent sounds tro 
he different-sites, Ask the salesman 
shoul “air” or “sce rye Senso 
spcaikers. In general, they deliver the most sotist ying 
speaker sound 

Muke the sulestian work o little. Swatch hack und 
lonh between the hig, medium, and senall apeakers 
Playa hyoear. Thee ores (had sepnich beret leks Via ire 
Lhe ones to bitty 

nA ACE yO eves OL Fora dew Things Whine youl 
eursare fusy. Make sare the receiver driviie the 
ck Vou re hearing 4 ihe same os the one Vonbre 
buying, Otherwise you won t be-eetuing the sane 
sound once Viet wel the aperkers home ain looked 
up to Vou Tecerver 
And remember, the word “speaker 







: fermi two things, ft means ihe 
individduul speakers WiMiiers 
tweeter, etc. But of ulso refers to the 

hole sneaker cubhinel, which 
ater Wy contoins niere Than one 
iMmbividual speaker. Be sure to check 
Out how miuny spcokers (here are in An. 
speaker tahinet. Two, awooter for low 
notes ano tweeter or high ones, 4 a 

nnn, Bigeer speakers, hike the 

Svivanim ASIZSA, will have at least three: a wooler, 
Oo cue Md-ranie. anil a chore tweeter 

Prices runee from $149.95" lor the bie Sylvania 
LS ESA with three speakers toa cabinel, down lo 
$59.95" a pair tor the Svivania AST 7OOW withiwa 
socakers cach. 

Huot above all else, pick the speakers [hat sound 
beech day WerL 


Now It's the Turntable’s Turn 


There ure afew manulacturers who specialize im 
making turmiable mechani, [t's their thing, anc 
ther Preirel os definitel’ earl Lif 

The only tock lo boying a turntable, then, to 
Tike Sure hal vou ect one whose Puls Come Tron 
one Of these specialists 

Any audio manufacturer should be more than 
happs tote vow who pd his tumtanle mechanism 


For ckample, Dum 
Chan per im SV LW cThih 
Ciorrard tthats an 
mour Nlolel TIT 
Ask for magnetic curtnidces on vour turntable 

[hey re more sophisticated and pick up sce 
EYThyTE 





pressure on both 
SCL distortion) are ually wanda on uuity 


turntables ike oS 


lone of the big names) made the 
P2705 Automaiic Turntable. 
other biz one) made the changer 


lacs elier ham Gerace caritidecs 
Hath Svivanim tormmiables 
noawee then 
hinges bike cue-paise 
control (whith alows 
Voi to eenlly fate and 
lower the lone arm (0 on 
band you choose | ard art 
bate contral (which cqualoe 


Oligo! a necoa4ral veo weve ess 


Were neh. 
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Price guidelines 


ure S|] 49 95" forthe 12/05 and 


S/9.95" for the [2703 


Adding lupe fac 


worur beard sbepen 4 
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Tape Deek hike the 
lo play pre-recorded casselte Lapes 
Over VOUT socoker 4 


VOU Can record Verur 


twoechanne! sere 

Or, You can 20 | 
route. wilh a Playt 
like the Sylvania £ 
That way Vou can 
Wice Vers, 


BY now Vou re | 


wick Leek 


ites a siiple way to expunil 
Wain 

aacite Plays Record 
Syivania CT] G0 
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i )ot smarler ube stercoe. You 


Know boscally what to look for. And you ve aol 


oT Wiebe ates OM 
So now & the tin 
Lompare. Lact th 


TWwhal to pay 
ic to po shoppe. Look aroun 


Cc Mmost Muse bor your money 


And even if you don't pick o Sylvania, enjoy your 


sicrec! 
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This Malagasy 
boatman steers from 
here to eternity 


He-stands over his crew und 
looks buck. He sees a life spent 
at sea. lightéring cargo from 
ships. And that is his epitaph 
‘culptured in wood and placed 
ubove his erave 

such Niadagascar “tomb- 
stones celebrate life. in the 
AMiliwasy Republic: One depicts 
i man rca a dnim, another a 
herdsman tending his catthe, A 
carving of on airplane denotes 
that (he persan entombed 
ance flew. Malucusy chieftains 
Hie 1 TOM Perse Sueie sitive 
of a totem pole. It may be 
30) feet high, a panoranin 









of life told in fers of 


carvings that shiaw hia 


hin, protecting his: Tamly 
hupvhieringe a meu, even 
moking love 

Though noemunally Chirrstian, 
the Malagasy cling to amcrent 
belies. holding that ancestors 
dictate health, wealth, and 
fertility of descendants. From 
tombs half above ground and 
half below, the departed are 
broucht imo the sunhent every 
four or five years and wrapped 
in new silk, Not a sad occasion, 
the reunion with an ancestot 
manks 2 tite for singing and 
dancing. Celebrinis poytulls 
toss the body info the air und 
cHich it agnin. Cattle are 
sacrificed. their horns len 
to adorn the top of the tomb 

The body 1 pe-mterred, there 

to rest until (he mex 

1) fomedihana, the tormme of 
i. the dead 


Despite the neaness of 
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Africa, the ancestry of Maiazas- 
cars peoples is predominately 
Maliyan ind Polynesian. 
Micrants, historians theonze, 
ailed wcress the [ndtan Oeeun 
In OUITEber cones to colonize 
an sland home like no other on 
eurth, Here they found ment 
mansh forests of cuctuslike 
Didierea. Here roamed monkey- 
like Jermura With bat’s cars ond 
flowing fToxtails: promutive 
lenrecs pincushroned wath 
quills: and aepyornss, the now- 
extinet fietitless bird that 
wetiined hialf as tit dan) liane 
A0-pound epgs. 

Independent of France since 
fOSh. Madagascar carves i 
fiche in world society unnyuely 
Its ow To follow its saga of 
development, a5 well as that of 
other emerging nations, feaders 
turn cach month to the pages 
uf NATIONAL CrEQGRAPHE 












There is a place that 


looks exactly like these postcards. © thet 


Oddly enough its where we 
took the pictures. 


These nMctiure fere riot Te houk ed LW Lie Mm you 


come to Bermuda yo will ret be hex ppniit d 
WWecan promise you countless scenes like thes¢ 
because, in reality, Bermuda is a 21-square-mile 
as ture Posie ata veut enjoy everything } here 
including enim of the Micest pe op CVO Ve evert 


meot—Rermudians. Bermuda is only 20 minutes 


awav from the U.S. coast. See your travel agent 
Or weeie Verran: 610 Fifth Ave., N.Y¥., N.Y 
10020—6 N.. Michigan Ave., Chicago, [IL 60602. 
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Bermuda 


Wish you were 
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The mysteries of human longevity 
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NATIONAL GEOGRAPHIC SOCIETY MEMBERSHIP ‘tte 
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Less than 240 calories 
with everything 
from sip to crunch. 


That's Kelloge’s* Special K* Breakiast. 
A little vanety, with less than 240) calories, 
99° tat-free-and 100%) delicious, 

Crét your weight cantrol program 
of to a smart start every day 
with Kelloge’s Special K. Breaktast 













4 
The Special K 
Break fast 


4 oz. orange {or lurnate) 
juice 

Hs cups (1 oz.) Special kh 
high-protein cereal 

| teaspoon sugar 

4 oz. skim mulk 

Black coffee or tea 

(less than 240 calories) 
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We're out to stir up the wanderer in you... the part of you that longs for the freedom to chate the hereon 
past city skylines, the part of you thatsings to a crimson sumel, the part of you that viii Walden Pond while 
you're -cuoped up-at the office 


Lite can be more than fences and time-thles, more than a picture. window view a! the house gcross the streel 
there oso much more to sec! 


Come on free spirit, get the rest ef you to look at Holiday Rambler travel wailers and discower the America thal 
ha been waiting for you. Dikcover a “Holiday For All Seasons”! 


The Holiday Rambler, elegance clad in uniger aluminum frame constriction, 4 your tickel to 4 pacture window 
view that you can change anytime you want to, a front yard your doorstep can leave behind whenever the gras 
gets too high or tie seasons call you eliewhere, Holiday Rambler, your ticket to first clas travel as comlortable 
a the custom, seepemaker maliress and as convenient as the tub, shower and vanity in every model, Holiday 
Rumbler, your tieket fo life as beautiful as America, waiting for you to enjoy it all 


So enjoy .- - 


The Holiday Rambler Corporation—this year celebrating “Twenty years of leadership” a6 builders of quality travel 
trailers presents Holiday Rambler 1973: 





A HOLIDAY FOR ALL SEASONS 


For the name of your nearest Holiday Rambler Dealer, or for more injagraation, 
call BOO 3468-7691 |indiana Call FOSS? 670?) 





HOLIDAY RAMBLER CORPORATION 
400 (INDMANA AWE WARARUSAIND. 46675 
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FLORIDA CENTRAL ACADEMY 
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